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PREFACE. 



The constant progress made m every department of 
physical science^ i« a sufficient apology for the prepara- 
tion and publication of a new elementary text-book on 
Natural Philosophy. 

The principles of physical science are so intimately 
connected with the arts and occupations of eveiy-day 
life, with our very existence and continuance as sentient 
beings^ that public opinion, at the present time, impera- 
tively demands that the course of instruction on this 
subject should be as full, thorough, and complete as 
opportunity and time will permit. With this view, the 
author has endeavored to render the work, in all its 
arrangements and details, eminently practical, and, at 
the same time, interesting to the student. The illustra* 
tions and examples have been multiplied to a greater 
extent than is usual in works of like character, and have 
been derived, in most cases, from familiar and common 
objects. 

Great care has been also taken to render the work com- 
plete and accurate, and in full accordance with the latest 
results of scientific discovery and research. 

In the arrangement of the subjects treated of, and in 
the incorporation of questions with the text, the most ap- 
proved methods, it is believed, have been followed. The 
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teacher will also observe that the principles and import- 
ant propositions are presented in large and prominent 
type^ and the observations and illustrations in smaller 
letters. The advantage of this to the learner is most 
evident. 

Heat, which is often considered as belonging more 
especially to chemistry, has been discussed at length, and 
the familiar application of its principles in the industrial 
arts, in warming and ventilation, in the production of 
dew, etc., carefully explained. A full and complete 
outline of the subject of Meteorology has also been 
given. On the other hand, Astronomy, which is often 
included in text-books on Natural Philosophy, has been 
omitted, as rightfully and properly forming the subject 
of a separate treatise. 

An elementary work on physical science can have little 
claim to originality, except in the arrangement and classi- 
fication of subjects, and the selection of illustrations. In 
this respect the author makes no pretensions, and ac- 
knowledges his indebtedness to the very superior French 
treatises of Ganot, Delaunay, Archambault, and to the 
writings of Miiller, Amott, Lardner, Brewster, and others. 

The engravings in the present volume are of a superior 
character, and have been prepared, in part, from new and 
original designs. 

New Yobe, August, 185t. 
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NATURAL PHILOSOPHY. 



INTRODUCTION. 



What4s Nat- 
ural Philoflo- 
phy? 



1. Natural Philosophy, or Physics, is that 
department of science which treats of all those 
phenomena observed in masses of matter, in 

which there is a sensible change of place. 

2. Chemistry, on the contrary, treats of all 
SiLSy? those phenomena observed to take place in 

minute particles, or portions of matter, in which 
there is a change in the character and composition of the 
matter itself, and not merely a change of place. 

3. A falling body, the motion of our limbs 
^iL^'of SS ^^ ^^ machinery, the flow of liquids, the occur- 
SatSSS® Hd- r®^c® ^^ sound, the changes occasioned by the 
^oBotshji action of heat, light, and electricity, are all ex- 
amples of phenomena which come under the 

consideration of Natural Philosophy. 

Strictly speaking, we have no right, in Natural Philoaophy, to oonoeive or 
imagine any thing, for the truths of all its laws and principles may be proved 
by direct observation, — that is, by the use of our senses. When we conceive, 
reason, or imagine concerning the properties of matter, we have in reality 
passed beyond the limits of Natural Philosophy, and entered upon the applica- 
tiou of the laws of mind or of mathematics to the principles of Natural Philos- 
ophy. Practically, however, no such division of the subject is ever made. 

The truths and operations of Chemistry, in contradistinction to the truths 
and operations of Natural Philosophy, can not all be proved and made evident 
by direct observation. Thus, when we unite two pieces of machinery, as two 
wheels, or when we lift a weight with our hands^ or move a heavy body by a 
lever, we are enabled to see exactly how the different substances come in 

-1* 
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contact, how they press upon one another, and how the power is transmitted 
from one point to another : these are experiments in Natural Philosophy, in 
which eyeiy part of the operation is dear to our senses. But when we mix 
alcohol and water together, or bum a piece of coal in a fire, we see merely 
the result of these processes, and our senses give us no direct information of 
the manner in which one particle of ^cohol acts upon another particle of 
water, or how the oxygen of the air acts upon the coaL These are experi- 
ments in Chemistry, in which we can not perceive every part of the operation 
by means of our senses, but only the results. Had there been but one kind 
of substance or matter in the universe, the laws of Natural Philosophy would 
• have explained all the phenomena or changes which could possibly take 
place ; and as the character, or composition of this one substance, could not be 
changed by the action of any different substance upon it, there could be no 
such department of knowledge as Chemistry. 

4 The term Physics is often used instead 
JJ^he °SS ^f *^® ^^^^ Natural Phflosophy, both having 
Kiyrfcs? i]^Q same general meaning and signification. 

It is also customary to speak of " Physical 
Laws/' " Physical Phenomena," and " Physical Theories/' 
instead of saying the laws, phenomena, and theories of 
Natural Philosophy. 

6. A Physical Law is the constant relation 
Physical Lairs which cxists bctweeu auy phenomenon and its 
*° ^ ^ cause. A Physical Theory is an exposition 
of all the laws which relate to a particular class of 
phenomena. 

Thus, when we speak of the "theory" at heat, or of electricity, we have 
reference to a general consideration of the whole subject of heat, or light, or 
electricity; but when we use tiie expression a "law" of heat, of light, or <^ 
electricity, we have reference to a putieular department of the whole subject 



CHAPTER I. 

MATTER, AND ITS GENERAL PROPERTIES. 

1. Matter is the general name which has 
^"^tef^**" been given to that substance which^ under an 
infinite variety of forms, affects our senses. 
We apply the term matter to every thing that occupies 
space, or that has length, breadth, and thickness. 
How Ao m 2. It is only through the agency of our fivb 
SuM^iiT senses (hearing, seeing, smelling, tasting, and 
feeling), that we are enabled to know that any 
matter exists. A person deprived of all sensation, could 
not be conscious that he had any material existence. 
What is « ^- ^ BODY is any distinct portion of matter 

'^^y' existing in space. 
What are fii« ^' ^^^ properties, or the qualities of matter, 
1^0^68 of are the powers belonging to it, which are capa- 
ble of exciting in our mind certain sensations. 

It is only through the dififerent sensations which different sabetances ex- 
cite in' onr minds, or, in other words, it is by means of their different 
properties, Hiat we are enabled to distingoish one form or variety of matter 
ftom another. 

The forms and combinations of matter seen in the animal, vegetable, and 
mineral kingdoms of nature, are numberless, yet they are aJl composed of 
a very few simple substances or elements. 

whatiaaaim- ^' ^y * simple substauce we mean one 
iderobstaxicet -^hich has ucver been derived from, or sepa- 
rated into any other kind of matter. 

QMf silver, iron, oxygen, and hydrogen, are examples of simple sub* 
stances or elements, because we are unable to decompose them, convert 
them into, or create them fiom, other bodie& 

What to the ^" ^^^ number of the elements or simple 
^jbwof the substances with which we are at present ac- 
quainted, is sixty-two. 
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7. These substances are not all equally 
°°^ted?**^ distributed over the surface of the earth : 

most of thenj are exceedingly rare, and only 
known to chemists. Some ten or twelve only make up 
the great bulk or mass of all the objects we see around 
us. 

AU the different forms and varieties of matter are In some respects alike 
— ^that is, they all possess certain general properties. Some of these prop- 
erties are essential to the very existence of a body; others are non- 
essential^ or a body may exist without them. Thus it is essential to the 
existence of a body that it should occupy a certain amount of space, and 
that no other body should occupy the same space at the same time ; but it is 
not necessary for its existence that it should possess color, hardness, elas- 
ticity, malleability, and the like non-essential properties. 

8. The following are the most important of 
^NSJort- the general properties of matter — Magnitude 
S^tt???^*" or Extension, Impenetrability, Divisibil- 
ity, Porosity, Inertia, Attraction, and In- 

DESTRtJCTIBILITY. 

9. By Magnitude we mean the property 
^'^i* ud^**' of occupying space. We can not conceive that 

a portion of matter should exist so minute as 
to have no magnitude, or, in other words, to occupy no 
space. 

The SURFACES of a body are the external limits of its magnitude ; the 
SIZE of a body is the quantity of space it occupies ; the akea of a body 
is its quantity, or extent of surface. 

The FIGURE of a body is its form or shape, as expressed by its bound- 
aries or terminatmg extremities. The volume of a body is the quantity of 
space included within its external surfaces. The figure and volume of a 
body are entirely independent of each other. Bodies having very different 
figures may have the same volume, or bodies of the same figure may have 
very different volumes. Thus a globe may have ten times the volume 
of another globe and yet have the same figure, or a globe and a cylinder 
may have the same volume, that is, may contain the same amount of matter 
within their surfaces, but possess very different figures, 

10. By Impenetrability we mean that 
pSetoawutyf property or quality of matter, which renders it 

impossible for two separate bodies to occupy 
the same space at the same time. 
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There are many instances of apparent penetration of matter, but in all of 
them the particles of the body which seem to be penetrated are merely- 
displaced. When a nail is driven into a piece of wood, the particles of 
wood are not penetrated, but merely displaced. If a needle be plunged into 
a vessel of water, all the water which previously filled the space into which 
it entered, will be displaced, and the level of the water m the vessel will rise 
to the same height as it would have done, had we added a quantity of water 
equal in volume to the bulk of the needle. When we walk through the at- 
mosphere, we do not penetrate into any of the particles of which the air is 
composed, but we merely push them aside, or displace them. If we plunge 
an inverted tumbler into a vessel of water, the air contained in it will pre- 
vent the water from rising in the glass — ^and notwithstanding the amount of 
pressure we may exert upon the tumbler, it cannot be filled with water until 
the air is removed from it. 

11. By Divisibility we mean that property 
^^biiity?*' '^t'ich matter possesses of being divided, or 

separated into parts. 

It has until quite recently been taught that matter was infinitely divisible; 
that is, a body could be separated into smaller and still smaller particles 
without limit. So fiu* as our senses inform us, this is true. So long as we 
can perceive the existence of a portion of matter by our sense of sight, of 
feeling, of taste, or of smell, so long we can continue to difide it Beyond 
this our senses give us no information. But the recent discoveries and inves- 
tigations in chemistry, have proved beyond a doubt, that all bodies are ulti- 
mately composed of exceedingly minute particles, which can not be subdi- 
vided. 

12. To such an ultimate portion of matter 
^^tomf *" *^ ^® ^^ longer separable into parts, we apply 

the term Atom. 

The extent to which matter can be. divided and yet perceived 
*M^*m tter ^^ *^® senses is most wonderiul. 

can be divid- A gndn of musk has been kept finely exposed to the air of 
^ a room, of which the door and windows were constantly kept 

opep, for a period of two years, during all which time the air, 
though constantly changed, was densely impregnated with the odor of musk, 
and yet at the end of that time the particle was found not to have greatly 
duninished m weight. During all this period, every particle of the atmos- 
phere which produced the sense of odor must have contained a certain quan- 
tity of musk. 

In the manufacture of silver-gilt wire, used for embroidery, the amount of 
gold employed to cover a foot of wire does not exceed the 720,000th part of 
an ounce. The manufacturers know this to be a fact, and regulate the price 
of their wire accordingly. But if the gold which covers one foot is the 
t20,000th part of an ounce, the gold on an inch of the same wire will be only 



14 WELLS'S NATURAL PHILOSOPHY. 

the 8,640,000th part of an ounce. We may divide this inch into one hundred 
pieces, and yet see each piece distinctly without the aid of a microscope : in 
other words, we see the 864,000,000th part of an ounca If we now use a 
microscope, magnifymg five hunched times, we may clearly distinguish the 
432,000,000,000th part of an ounce of gold, each of which parts will be found 
to have all the characters and qualities which are found in the largest masses 
of gold. 

Some years since, a distinguu^ed English chemist made a series of experi- 
ments to determine how small a quantity of matter could be rendered visible 
to the eye^ and by selecting a peculiar chemical compound, small portions of 
which were easily discernible, he came to the conclusion that he could dis- 
tinctly see the billionth part of a grain. 

In order to form some conception of the extent of this subdivision of mat- 
ter, let us consider what a billion is. We may say a billion is a million of 
millions, and represent it thus, 1,000,000,000,000 ; but the mind is incapable 
of conceiving any such number. If a person were to count at the rate of 200 
. m a minute, and work without intermission twelve hours in a day, he would 
take, to count a billion, 6,944,944 days, or more than 19,000 years. But this 
may be nothing to the division of matter. Ther3 are living creatures so mi- 
nute, that a hundred millions of them may be comprehended in the space of 
a cubic inch. But these creatures, until they are lost to the sense of sights 
aided by the most powerful instruments, are seen to possess arrangements 
fitted for coUectiag their food, and even capturing their prey. They are there- 
fore supplied with oigans, and these organs must consist of parts correspond- 
ing to those in lai^r animals, which in turn must consist of atoms, or little 
particles, if we please so to term them. In reckoning the size of such atoms^ 
we must not speak of billions, but of billions of billions. Such a number can 
be represented thus, 1,000,000,000,000,000,000,000,000, but the mind can 
fbrm no rational conception of it* 

13. We use the term Molecules, or Par- 
^tet**o7^tiI TicLES of matter to designate very small quan- 
cies of Matter? ^j^j^^ ^^'^ substaiice, Bot meaning, however, the 
ultimate atoms, A molecule, or particle of matter may 
be supposed to be formed of several atoms united to- 
gether, 

14. No two atoms of matter are supposed to 
-whatwePoMB? ^^^^^^ ^j. ^Q Ijj^ actual contact with each other, 

and the openings or spaces which exist between them are 
called Pores. This property of bodies, according to which 
their atoms are thus separated by vacant places^ 
^^r™*" we caU Porosity. 

* The billion is here used according to the English notation.— rioe Welbtier, 
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What is fhe 
evidence of 
the existenoe 
of Fores in 
attmttttar? 



fte. 1. K we suppose the atoms of raatter to oonelst of 

minute spheres or globes, it is obvious that it will be 
impossible for them to come into perfect contact at 
all points: so that there must be small spaces be- 
tween them, where they do not touch each other. 
Hg. 1 represents the manner in which we may im- 
agine a collection of such atoms to be arranged to 
form a crystal. 

15. The reasons for believing that the 
atoms or particles of matter do not ac- 
tually touch each other, are, that every 
form of matter, so far as we are ac- 
quainted with it, can by pressure be 
made to occupy a smaller space than it origin- 
ally filled. Therefore, as no two particles of 
matter can occupy the same space at the same 
time, the space, by which the size or volume of 
a body may be diminished by pressure, must, before such 
diminution took place, have been filled with openings, or 
pores. Again, all bodies expand or contract under the 
influence of heat and cold. Now, if the atoms were in ab- 
solute contact with each other, no such movements could 
take place. 

The porosity of bodies is sometimes illustrated and explained 
by reference to a sponge, which allows the cavities which per- 
vade it to be filled with water, or some other fluid. Such an 
illustration is not strictly correct. The cavities of a sponge are 
not really its pores, any more than the cells of a honey-comb 
are the pores of wax. In common speech, however, the term pore is often 
used to designate those openings which exist naturally in the substance of a 
body, which are sufficiently large to admit of the passage of fluids like water, 
and gases like air. ^ 

Several very important properties of matter are dependent on porosity; or, 
in other words, they owe their existence to the feet, that the particles of mat- 
ter do not actually touch each other. The principal of these are Dbnsitt, 
CoMpRBSSiBiLiTT, and Expansibility. These properties of matter belong to 
all bodies, but not to all alike. 

16. By Density we mean the proportion 

whaUsDena. ^j^j^^ ^^^^ betwecu the quantity of matter 

contained in a body and its magnitude, or size. 

Thus, if of two substanoes, one contains twice as much 



Wbat is gen- 
erally meant 
by the term 
Pores? 
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matter in a given space as the otber, it is said to be twice 
as dense. 

There is a direct connection between the density of a body and its porosity. 
A body will be more or less dense, according as its particles are arranged 
closely together, or are separated from each other ; and hence it is clear, that. 
the greater the density the less the porosity, and the grater the porosity the 
less the density. 

17. If the particles of a body do not touch each other, then, if it is subjected 
to pressure, they may be forced nearer, and made to occupy less space. 

This we find to be the fact. All matter may be compressed. The most 
solid stone, when loaded with a considerable weight, is found to be com- 
pressed. The foundations of buildings, and the columns which sustain great 
weights in architecture, are proofe of this. Metals, by pressure and hammer- 
ing, are made more compact and dense. Air, and all gases, are susceptible of 
great compression. Water, and all liquids, are much less easily compressed 
than either solid or gaseous bodies. 

18. By Compressibility, therefore, we mean 
Yr^BsiwuSJ^" that property of matter in virtue of which a 

body allows its volume or size to be diminished, 
without diminishing the number of the atoms or particles 
of which it is composed. 

19. Again, if the particles of matter of which 
JISSbiiityT ^ body is composed do not touch each other, it is 

clear that they may be forced further apart. 
This we find to be the case with all matter. Expansibility 
is, therefore, that property of matter in virtue of which a 
body allows its volume or size to be increased, without in- 
creasing the number of the atoms or particles of which it 
is composed. 

All bodies, when submitted to the action. of heat, expand, and 
lUuBtrations occupy a larger space than before. To this increase in dimen- 
bmty ?^*** " sioiis there is no limit. Water, when suflBciently heated, passes 
into steam, and the hotter the steam the greater the space it 
will occupy. All bodies, if subjected to a sufficient degree of heat, will pass 
from the state of solids or liquids, into the state of vapor, or gases. 

20. Inertia signifies the total absence in a 
^rtu?^*" ^0^7 of all power to change its state. If a 

body is at rest, it can not of itself commence 
moving ; and if a body be in motion, it can not of it- 
self stop, or come to rest. The motion, or cessation of 
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motion in a body, requires a power to exist independent 
of itself. 

It is obvious, from the definition given, that when a body is once put in 
motion, its inertia will cause it to continue to move until its movement is de- 
stroyed, or stopped, by some other force. 

A ball firod &om a cannon would move on forever, were it not for the re- 
sistance or Motion of the air, and the attraction of the earth. 

21. By Friction, we mean the resistance 
^^^onf'^^ which a moving body meets with from the 

surface on which it moves. 

A marble rolled upon a carpet will move but a short distance, on account 
of the roughness and unevenness of the sur&ee. Its motion would be con- 
tinued much longer on a flat pavement and longer still on fine, smooth ice. 
If friction, the attraction of the earth, and the resistance of tho air| were en- 
tirely removed, the marble would move on forever. 

Owing to the property of inertia, or the indifierenoe of mat- 
Wfa&t are Ex- ter to change its state, we find it difficult, in running, to stop 
JJg^l* ** ^' aU at once. The body tends to go on, even after we have ex- 
erted the force of our muscles to stop. We take advantage of 
this property, by running a short distance when we wish to leap over a ditch 
or chasm, in order that the tendency to move on, which we acquire by run- 
ning, may help us in the jump. For the same reason, a running-leap is al- 
ways longer than a standing one. 

Many of the most fi-ightful railroad accidents which have happened, are due 
to the laws of inertia. The locomotive, moving rapidly, is suddenly checked 
by an obstruction, collision, or breakage of machinery ; but the train of cars, 
in virtue of the velocity previously acquired, continue to move, and in conse- 
quence are driven into, or piled upon each other. 

For the same reasons the wheel of an engine continues to pursue its course 
for a time after the driving force has stopped. This property is taken advan- 
tage of to regulate the motions of machinery. A large, heavy wheel is used 
in connection with the machinery, called a fly-wheel. Tins heavy wheel, 
when once set in motiofi, revolves with great force, and its inertia causes it 
to move after the force which has been Imparted to it has ceased to act A 
water-wheel or a steam-engine rarely moves perfectiy uniformly, but as it is 
not easy, on the instant, either to check or increase the movement of the 
heavy wheel, its motion is steady, and causes the machinery to which it is 
attached to work smoothly and without jerking, even if the action of the driv- 
ing foroe be less at one moment than at another. 

22. Attraction is that tendency which all 
^'''^iSiJLf^ ^^^ particles of matter in the universe have to 

approach to each other.* 

* Ab Attraction, in its variouB forms and relations to matter, is so comprehaudre and 
Important, it is treated separately in advance. 
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The foroe which holds the particles of a stone, a piece of 
What are Ex- wood, or metal together, the &IliDg of a body to the earth, the 
tMctton? tendency which a piece of iron or steel has to adhere to a mag- 

net, are all ^miliar examples of the different forms of attraction. 

23. All the researches and investigations of 
dwtaiSbieV modern science teach us, that it is impossi- 
ble for any finite agent to either create or de- 
stroy a single particle of matter. The power to create 
and destroy matter belongs to the Deity alone. The 
quantity of matter which exists, in and upon the earth has 
never been diminished by the annihilation of a single 
atom. 

When a bo<^ is oonsamed by fire, there is no destniotloQ of matter : it 
has only changed its form and position. When an anunal or vegetable dies 
and decays, the original form vanishes, but the particles of matter, of which it 
was once composed, ha^e merely passed off to form new bodies and enter into 
new combinations. 



PRACTICAL QUESTIONS ON THE PROPERTIES OP MATTER. 

1. Whj will water, or any other liqaid, when poured into a tunnel doiely inserted into 
ihe mouth of a bottle, run OTer the sides of the bottle ? 

Because the bottle is filled with air, which, having no means of escape, 
prevents the water fix>m entering, ance no two bodies can occupy the same 
space at the same time. I^ however, the tunnel be lifi»d from the bottle a 
little, so as to afford the air an opportunity to escape, the water will then 
flow into the bottle in an uninterrupted stream. 

2. Are the pores of a body entirely empty, vacant spaces? 

The pores of a body are ofiien filled with another substance of a different 
nature. Thus, if the pores of a body be greater than the atoms of air, such a 
body being surrounded by the atmosphere, the air will enter and fill its pcures. 

3. When a sponge Is placed in water, that liquid appears to penetrate It Does the water 
really enter the solid partides of the sponge? 

It does not; it only enters the pores^ or vacant spaces between the par- 
ticles. 

4. When we plunge the hand faito a mass of sand, do we VKraiBASB the sand t 
We do not ; we only displace the particles. 

5. Why do bubldes bisb to the surfkce when apiece of sugar, wood, or dhalk is plunged 
underwater? 

Because the air previously existing in the pores becomes displaced by the 
water, and rises to the sur&ce as bubbles. 

6. What occasions the ssAVnxQ of wood or coal when laid upon the fire ? 
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Because the air or liquid contained in the pores becomes expanded by heal^ 
and bursts the covering in which it is confined. 

7. Yfbj does ught, fchboub wo(m>, Bke dKstaiit or pine, make more ■"*rr<»g ta tmrik- 
ing than may ovhxb kind? 

Because the pores are very larger and contain more air than wood of a ctoaer 
graiiif like oak, etc. 

8. Hov is water, or any other Uqvld, made fdbb hy illteriiig thnng^ P^P^* doth, • 
lajer of sand, rock, etc? 

The process of filtration depends on the presence of pores in the substance 
used as a filter, of such magnitude as to allow the particles of liquid to pass 
freely, but not the particles cf the matter contained in it, which we wish to 
separate. 

9. Why is not the snbstanee suitable for the filtration of cone liqvid eqnaSy adapted for 
the filtMtion of ALL iiqnids? 

Because the magnitade of the pores in different substances and of the im- 
purities in liquids is differ^it ; and no substance can be separated firom a 
liquid by filtration, except one whose particles are larger than those of the 
liquid. 

10. 0<dd and lead are metals of great density ;their.potes are not visible. Isthsreaoy 
FBOOF of their existence beside the fact that they can be compressed f 

Water can foe ibrced mechanically through a plate of lead or gold without 
rapturing any portion of the metal Mercury, or quicksilyer, confined in a 
dish of lead or gcAd, will soak through the pores, and escape at the bottom. 

An interesting experiment was tried at Florence, Italy, nearly two centu- 
ries ago, which furnished a strikiug illustration of the porosity of so dense a 
substance as gold. A hollow ball of this metal was filled with water, and the 
aperture exactly and firmly closed. The globe was then submitted to a yeiy 
severe pressure^ by which its figure was slightly changed. Kow, it is proved 
in geometry, that a globe has this peculiar property— that any change what- 
ever in its figure necessarily diminishes its volume, or capadty. The result 
was, that the water oozed through the pores, and covered the sur&ce of the 
globe, presenting the appearance of dew, or steam cooled by the metal This 
experiment also proved that the pores of the gold are larger than the element- 
ary particles of water, since the latter are capable of passing through them. 

11. When a oabxiaoh is in motion, drawn by noBSBB, why is the same exertion of power 
in the horses required to stop it, as would be necessary to back it, if it were at rest f 

Because, according to the laws of inertia, the force required to destroy mo- 
tion in one direction is egtud to that required to produce as much motion in ihe 
opposite ddredion, 

12. If a carriage, railroad-car, or boat, moring with speed, be suddenly itofpsd or bb- 
TASDxn, from any cause, why are the passengers, or the ba|s;age carried, precipitated 
from their places in the dibbction of thb xonoiv ? 

Because, by reason of their inertia, ihey persevere in the motion which they 
shared m common with the body that transported them, and are not deprived 
<^that motion by the same cause. 
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13. Why will a fkbson, leaping from a carriage in rapid motion, fall in the direction In 
which the carriage is moving at the moment his feet meet the ground? 

Because his entire body^ on quitting the vehicle and descending to the 
ground, retainSj by its ineriiOj the progressive motion which it has in common 
with it When his feet reach the ground, they, and they alone, will be sud- 
denly deprived of this progressive motion, by the resistance of the earth, but 
the remainder of his body will retain it, and he will &11 as if he were tripped. 

14. Why is a man standing carelessly in the stebn of a boat liable to fall into the water 
behind, when the boat beginB to move ? ' 

Because Imfeet are pulled forward while the inertia of his body keeps it in 
the same poation, and, therefore, behind its support Eor a similar reason, 
when the boat stops, the man is liable to &11 forward. 

15. When the sails of a ship are first spread to receive the foboe or impulse of the wind, 
wby does not the vessel acquire her full speed at once f 

Because it requires a little tune for the impeding force to overcome the ifir 
ertia of the mass of the ship, or its disposition to remain at rest 

16. Why, when the sails are taken in, does the vessel continue to move for a considerable 
time? 

Because the inertia of (he mass is opposed to a change of state, and the ves- 
sel will continue to move until the resistance of the water overcomes the op- 
position. 

17. Why do we sigk against the door-post to shake the snow or dost from our shoes? 
The forward motion of the foot is arrested by the impact against the post ; 

but this is not the case with respect to the particles of dust or snow which 
are not attached to the foot, and are free to move. According to the laws 
of inertia, they tend to persevere in the direction of the original motion, and 
when the foot stops, they move on, or fly off. 

18. Why do we beat a coat or carpet to ezfel the dust? 

The cause which arrests the motion imparted to the coat or carpet by the 
blow does not arrest the particles of dusf^ and their motion being continued, 
they fly ofll 



CHAPTER II. 

FORCE. 

23. Matter is coDstaatly changing its form 
sL^ti^^^^! and place. The most solid substance will in 
^^^ time wear away. The air about us is never per- 

fectly still. We see water sometimes as ice, sometimes as 
a liquid, sometimes as a vapor, in steam or clouds. The 
earth moves sixty-eight thousand miles every hour. An 
animal or vegetable dies, decays, and its form vanishes 
from our sight. 

To what eanse ^^ ^ *^® cause of all the chaugcs observed 
doweafctribnte to take placc iu the material world, we admit 

the changes oIh , *■ . ^ . 

Bcrwd In mat- the cxistcnce of certain forces, or agents, which 

govern and control all matter. 
What is 25. Force is whatever produces, or opposes 

Force? .^ x- • xx ^ j^j^ 

motion m matter. 
What ifl Mo. 26. Mobility, or the susceptibility of mo- 
biiity? tion, is that property whereby a body admits 
of change of place. 

What are the ^'^' AU the great forces, or agents in nature, 
Sitare?^^ those which produce, or are the cause of all the 

changes which take place in matter, may bo 
enumerated as follows : Internal, or Molecular Forces, 
the Attraction of Gravitation, Heat, Light, the At- 
tractive and Kepulsive Forces of Magnetism and Elec- 
tricity, and, finally, a force or power which only exists 
in living animals and plants, which is called, Vital Force. 

Concerning the real nature of these forces, we are entirely 
J^* ^® ^ ignorant We suppose, or say, they exist, because we seo 
nature of their effects upon matter. In the present state of science, it is 

these forces? impossible to know whether they are merely properties of 
matter, or whether they are forms of matter itself, existing in an 
exceedingly minute, subtUe condition, without weight, and diffused through- 
oat the whole universe. The general opinion, however, among scientific men, 
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at the present daj, is, that these forces, or agents, are not matter, but prop- 
erties, or qualities, of matter. 

We see a stone &11 to the ground, and say that the cause of it is the at- 
traction of gravitation; — ^we obserye an olgeet at a distance, and say that we 
see it through the action of Ught on the eye ; — ^we notice a tree shattered by 
lightning, and say it is the effect of electricity ; — ^we observe an animal or 
plant to grow and flourish, and ascribe tiiis to the action of the vital force. 
But if it is asked, What is the original cause of gravitation, light, electricity, 
and vital force?— the wisest man can give no satis&ctoiy answer. If the 
Creator governs matter through the agency of instntments, these forces may 
be called his agents^ or bis instruments. 



CHAPTER III. 

INTERNAL. OR MOLECULAR FORCES. 
Wbat ii an 28, An INTERNAL, QT MOLECULAR FORCB, ]» 

»SL^' one that acts upon the particles of matter only 
Force? ^^ inscnsible distances. This variety of force 

differs from all others in this respect. 
What u At. 29. The various changes which matter un- 
B^jS>nT* dergoes, render it certain that the atoms, or 
particles of all bodies are acted upon by two 
distinct and opposite forces, one of which tends to draw 
the atoms, or particles, close together, while the other 
tends to separate them from one another. The first of 
these forces we call Attraction, the second Eepulsion, 
both actilig at insensible distances. 

«. _ A blade of steel, or a thin piece of wood, when bent within 

ample of At- % a certain limit, will, when the restraint is removed, restore it- 

aSiM^at H self to its original form. This takes place through the agency 

inaensibLe dia- of an internal force, attracting the particles together, and tend- 

*^ ing to keep them in their original place. 

wiiatisEiaa- 30. ELASTICITY is that property of matter 
***^-^' which disposes it to resum^ its original form 
and shape, after having been bent or compressed by some 
external force. 

Elasticity, therefore, is not so much a distinct property of matter, as is 
Qsually stated, as it is a phenomenon of attractive and repulsive forces. 
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Do an bodies ^ bodieg poflsees the property of dastidty, bat in wery 
pooaeM eiM- different degrees. There are some in which the atoms, after 
^^^' bending, or displacement, almost perfectly resume their former 

position. Such bodies are especially termed elastic, as tempered stee], India- 
rabber, irory, etc Other bodies, like iron, lead, etc., are elastic in a limited 
degree, not bemg able to bear any great displacement of their atoms without 
bi^h^, (»rpermaneni disarrangement. Putty, moist day, and similar bodies^ 
possess a very slight d^ree of elasticity. 

31. If we compress a certHn quantity of gas, as common 
Olre Ml ex- ^^^ ^^^ ^j^^^ allow # to dHate, by removing all restraint, it 
^^on acting will expand without limit, and fill every really empty space 
Ue^iste?^' whidi isopen to it This takes place through the agency of 
an internal Ibroe which tends to drive the particles from one 
another. There are many reasons which lead us to suppose that the repuls- 
ive force which tends to keep the particles of matter asunder is the agent 
known as heat Gases may be considered as perfectly elastic. 

32. According as the attractive or repulsive 
foT^ or con- foTCCS prevail, all bodies will assume one of 
aiiiMtterli- three forms or conditions — ^the solid, the 
**' liquid, or the aeriform, *=* or gaseous con- 

dition, 
wiuitfaa 83. A SOLID body is one in which the par- 

^*' tides of matter are attracted so strongly to- 

gether, that the body maintains its form, or figure, under 
all ordinary circumstances. 
wiuiti»» 34. A LIQUID body is one in which the par- 

Liquidt ^j^i^g ^f matter are so feebly attracted together, 
that they move upon each another with the greatest 
facility. 

Hence a liquid can never be made to assume any particular form, except 
that of the vessel in which it is inclosed. 

35. An AERIFORM, or gaseous body is one 
Gasooos * in which the particles of matter are not held 
^^^' together by any force of attraction, but have a 

tendency to separate and move off from one another. 

A gaseous body is generally invisible, and, like the air sur- 

JJJSJerttesifS rounding us, affords to the sense of touch no evidence of ita 

g*y»"» existence when in a state of complete repose. Gaseous bodies 

^' may be confined m vessels, firom whence they exclude Kquids, 

• Aeriforsk, liATing the form, or reBem W an a e, of rir. 
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Under what 
clrcumstanees 
villabodyas- 
sume the form 
of a -Solid, a 
Liquid, or a 
Gas? 



or other bodies, thus demonstrating their existence, though invisible, and also 
their impenetrabihty. 

36. Most substances can be made to assume 
successively the form of a solid, a liquid, or a 
gas. In solids, the attractive force is the 
strongest ; the particles keep their places, and 
the solid retains its form. But if we heat the 

Bolid to a sufficient degree, as, for example, a piece of iron, 
we gradually destroy the attractive force, and the repul- 
sive force increases ; the particles become movable, and we 
say the body melts, or becomes a liquid. In liquids, the 
attractive and repulsive forces are nearly balanced, but if 
we supply an additional quantity of heat, we destroy the 
attractive force altogether, and the hquid changes to a 
gas, in which the repulsive force prevails, and the particles 
tend to fly off from each other. By the withdrawal of 
heat (t. e., by the application of cold), we can diminish, or 
destroy the repulsive force, and allow the attractive force 
to again predominate. 

Thus steam, when cooled, becomes a 
^^' 2. liquid, water; and this in turn, by the 

withdrawal of an additional amount of 
heat, becomes a soUd, ice. 

The power of the repulsive force is strik- 
ingly illustrated by the conversion of water 
into steam. In a cubic inch of water con- 
verted into steam, the particles will repel 
each other to such an extent, that the space 
occupied by the steam will be 1700 times 
greater than that occupied by the water. 
Fig. 2 illustrates the comparative difference 
between the bulk of steam and the bulk of 
water. 

37. The term Fluid is applied to those 
bodies whose particles move easily among 

themselves. It is used to designate either liquids or 




What are 
Fluids? 



What are the ^' ^^ distiuguish FOUR kinds of molecular 
MS[e?uto A^ attraction, or attraction acting upon the par- 
tractionf ^iclcs of bodics at insensible distances. These 
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are, Cohesion, Adhesion, Capillary Attraction, and 

Affinity. 

«^ . ^ 39. Cohesion, or Cohesive Attraction, is 

What is Co- ,/, i»ii.i n \ 

hesiveAttrao- that foTce which Diiids together atoms of the 
same kind to form one uniform mass. 
The force which holds together the atoms of a mass of iron, wood, or stone, 
is cohesion, and the atoms are said to cohere to each other. 

What is Ad- 40. Adhesion is that form of attraction 
'*®^°' which exists hetween unlike atoms, or particles 
of matter, when in contact with each other. 

Dust floating in the air sticks to the wall or ceiling, through the force of 
adhesion. When we write on a wall with a piece of chalk, or charcoal, the 
particles, worn off from the material, stick to the wall and leave a mark, 
through the force of adhesion. Two pieces of wood may be fastened together 
by means of glue, in consequence of the adhesive attraction between the par- 
ticles of the wood and the particles of glue. 

41. Capillary Attraction is that form of 
piiiarjAttrac- attiactiou which exists between a liquid and 
the interior of a solid, which is tubular, or 
porous. 

When one end of a sponge, or a lump of sugar is brought into contact with 
water, the liquid, by capillary attraction, will rise, or soak up above its level, 
into the interior of the sponge, or Agar, until all its pores are filled.* 

What is Af- 42. Affinity is that form of attraction which 
fimty? unites atoms of unlike substances into com- 
pounds possessing new and distinct properties. 

Oxygen, for example, unites with iron, and forms iron-rust, a substance 
different from either oxygen or iron. The consideration of the attraction of 
Afi&nity belongs wholly to Chemistry. 

How does the 43. The force, or strength of Cohesive At- 
rivrAtS^^ traction varies greatly in different substances, 
tionvary? accordiug as the nature, form, and arrange- 
ment of the atoms of which they are composed vary. s 
^ 44. These modifications of the force of At- 

lies of bodies tractiou, actinff at insensible distances between 

depend on the . /» i • /v» i • • 

variation of thc atoms of different substances, give rise to 

certain important properties in bodies, which 

are designated under the names of Malleability, Duc- 

• Capillary Attraction is treated of more fully under the department of Hydrostatics 
and Hydraulics. 

2 
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TiLiTY, Pliability, Flexibility, Tenacity, Hardness, 
and Brittleness. 

These are not, as is often taught, distinct, independent properties of matter, 
like magnitude, porosity, inertia, etc., but modifications of the force of attraction. 

What is Mai- 45. MALLEABILITY is that property in virtue 
leabiuty? ^£ which a substance can be reduced to the 
form of thin leaves, or plates, by hammering, or by means 
of the intense pressure of rollers. 

In malleable bodies, the atoms seem to cohere equally in whatever relative 
situations they happen to be, and therefore readily yield to force, and change 
their positions without fracture, almost like the atoms of a fluid. 

The property of malleability is possessed in the most eminent 

am**e *™f ^^' ^®gree by the metals ; gold, silver, iron, and copper being the 

Malleability? most malleable. Gold may be hammered to such a degree of 

thinness, as to require 360,000 leaves to equal an inch in 

thickness. 

What is Due- 46. DucTiLiTY is that property in virtue 
^^^ of which a substance admits of being drawn 
into wire. 

We might suppose that ductility and malleability would belong to the same 
substances, and to the same degree, but they do not. Tin and lead ar5 
highly malleable, and are capable of being reduced to extremely thin leaves, 
but they are not ductile, since they can not be drawn into fine wire. Some 
substances are both ductile and malleabl? in the highest degree. Gk)ld has 
been drawn into wire so fine, that an ounce of it would extend fifty miles. 
What are ^*^' FLEXIBILITY and PLIABILITY are thoSB 

fn^puSS- properties which permit considerable motion 
^^^ of the particles of a body on each other, with- 

out breaking. 

What is Te- 48. TENACITY is that property in virtue of 
nacity? which a body resists separation of its parts, by 
extension in the direction of its length. 
wiiatis 49. Hardness is a property in virtue of 

Hardness? -vvrhich tho particlcs of a body resist impression, 
separation, or the action of any force which tends to change 
their form, or arrangement. 

When is a 50. A body, whosc particles can be removed, 

body Soft? ^^j changed in position, by a slight degree of 
force, is said to be soft. Softness is, therefore, the oppo- 
site of hardness. 
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The property of Hardness is quite distinct from Density. Gold and lead 
possess great density, yet they are among the softest of metals. 

What is Brit- 51. Brittleness is a property in virtue of 
tienew? which bodies are easily broken into fragments. 
It is a characteristic of most hard substances. 

In a brittle body, the attractive force between the atoms exists within such 
narrow limits, that a very slight change of position, or increase of distance 
among them, is sufficient to overcome it, and the body breaks. 
/ 52. The modifications of the force of cohesive attraction betweea the par- 
ticles of matter, which give rise to the properties of malleability, ductility, 
flexibility, pliability, hardness, and brittleness, seem to be intimately con- 
nected with, or depend upon the particular form of the atoms of the sub- 
stance, and the particular manner in which they are arranged. 

Every one knows that it is easier to split wood lengthwise than across the 
fibers ; hence, the force which binds the particles of the wood together is ex- 
erted in a less degree in one direction than in the other. 
Explain how ^^ changing the form or arrangement of the atoms of a 
the force of substance, we can in many instances apparently renew or de- 
pend8**on ^e 8*^7 ***® various modifications of the attractive force. The 
arrangement following is a &miliar illustration of this principle : 

™^ Steel, when heated and suddenly cooled, is rendered not 

only very hard, but very brittle ; but if heated and cooled gradually, it be- 
comes soft and flexible. We may suppose that when the atoms of steel are 
expanded — ^forced apart fix>m each other by the action of heat, and then sud- 
denly caused to contract — ^forced in upon each other — ^by cooling, that no op- 
portunity is afiforded them for arrangement in a natural manner. But when 
the steel is cooled slowly, each atom has an opportunity to take the place best 
adapted for it^ without interfering with its neighbor. According to one ar- 
rangement of the atoms, the steel is brittle, or the atoms will not admit of 
any motion among themselves without breaking; but according to a different 
arrangement, the attractive force is modified, and the steel is soft and flexible. 
In a similar manner, bricks stacked up irregularly, may be made to fidl 
easily, but if piled in a regular manner, they retain their stability. 

It is a very singular circumstance, that the same operation of heating and cool- 
ing suddenly, which hardens steel, should sofi^n copper. A piece of steel which 
has been hardened in this way is not condensed— made smaller — as we might 
have supposed it would be, but is actually expanded, or made larger. This proves 
that the arrangement of the atoms, or particles, has been changed. Any one 
may satisfy himself of this by taking a piece of steel, fitting it exactly into a 
guage, or between two fixed points, and then hardening it. It will then be 
fbond that the steel will not go into the guage, or between the fixed points. 

What is An- 63. The process of rendering metals, glass, 
^***^^* etc., soft and flexible by heating and gradually 
cooling, is called Annealino, and is of great importance 
in the arts. 
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For example, the workman, in fashioning and shaping a steel instrament, 
requires it to be soft and flexible ; but in using it after it has been constructed, 
as for the cutting of stone, wood, etc., it is necessary that it should be hard. 
This is accomplished by making the steel soft by annealing, and then render- 
ing it hard by heating and cooling quickly.* 

When wfli a 54. When we bend or compress a body so 
co4priled,°'^ ^^^* i*s particles are separated beyond a certain 
break? limited distance, the force of cohesive attrac- 

tion existing between them ceases to act, or is destroyed, 
and the body falls apart, or breaks. 

55. When the Attraction of Cohesion between 

Can we re- 
store the at- the particles of a substance is once destroyed, 

traction of co- , , -"^ , . _i. 

destro d?^^ ^^ ^^ generally impossible to restore it. Hav- 
ing once reduced a mass of wood or stone to 
powder, we can not make the minute particles cohere, 
again by pushing them into their former position. 

In some instances, however, this can be accomphshed by resorting to va- 
rious expedients. The particles of the metals may be made to again cohere 
by melting. Two pieces of perfectly smooth plate-glass, or marble, laid upon 
each other, unite together with such force, that it is impossible to separate 
them without breakage. In the manufacture of looking-glass plates, this at- 
traction between two smooth surfeices is particularly guarded agjunst. 

* There are many practical illustrations in the arts, of the prindple, that the modifica- 
tions of the attractive force which unites the atoms of solid bodies together, are dependent 
in a great degree upon the forms, or arrangement of the atoms themselves. If we submit 
apiece of metal to repeated hammering, or jarring, the atoms, or particles of which it is 
composed, seem to take on a new arrangement, and the metal gradually loses all its te- 
nacity,*fle3Bibility, malleability, and ductility, and becomes brittle. The coppersmith who 
forms vessels of brass and copper by the hammer alone, can work on them only for a short 
time before they require annealing ; otherwise they would crack and fly into pieces. 

For this reason, also, a cannon can only be fired a certain number of times before it 
will burst, and a cannon which has been long in use, although apparently sound, is always 
condemned and broken up. 

A more important illustration, and one that more closely aflfects our interests, is the 
liability of railroad car-axles and wheels to break from the same cause. A car-azle, after 
a long lapse of time and use, is almost certain to break. 

That these phenomena are due to changes in the manner of the arrangement and the 
form of the particles, or atoms, of matter, was conclusively proved by an experiment made 
a few years since in France :~An accident having occurred upon a railroad, by the break- 
ing of an axle, by which many lives were lost, the attention of scientific men was called 
to the fact, that the iron composing the axle, when first used, was strong, and capable of 
standing a test, but after use in locomotion for a certain period, could be broken by a 
force far inferior to that by which it had formerly been tested. Many supposittons were 
made to account for this phenomenon, when finally a person took a series of rods about the 
size of pipe-stems, all strong and tough, and, with great patience, allowed them to fall 
for hours &nd hours upon an anvil, thus producing rapid strokes and vibrations. After 
subjecting them for a long time to this treatment, he found that the rods could be snap- 
ped and broken into fragments almosi m §c^sily as rotten wood. 
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What is 56. Iron may be made to cohere to iron by 

Welding? heating the metal to a high degree, and ham- 

mering the two pieces together. The particles are thus 
driven into such intimate contact, that they cohere and 
form one uniform mass. This property is called Weld- 
ing, and only belongs to two metdls, iron and platinum. 

practical questions on the internal, or molecular 

FORCES. 

1. In -irhat respect does a gas difffs from a liquid ? 

A liquid, like water, milk, syrup, etc., can be made to flow regularly down 
a slope, or an inclined pUme^ but a gas can not. 

2. Why is a bar of nzox stronger tfaan a bar of wood of tbc same size ? 

Because the cohesion existing between the particles of iron is greater than 
that existing between the particles of wood. 

3. Why are the partidesof a liqttid more easily separated than those of a solid? 
Because the cohesive attraction which binds together the particles of a liquid 

is much less strong than that which binds together the particles of a solid. 

4. Why will a small needle, carefully laid upon the surfa<» of water, float? 
Because its weight is not sufficient to overcome the cohesion of the particles 

of water constituting the surface j consequently, it can not pass through them 
and sink. 

5. If yon drop water and laudanum from the same vessel, why will sixty drops of the 
water fill the same measure as oke hxjndbed drops of laudanum ? 

The cohesion between the particles of the two Kquids is different, being 
greatest in the water. Consequently, the number of particles which will ad- 
here together to constitute a drop of water, is greater than in the drop of 
laudanum. 

6. Why is the prescription of medicine by dbops an unsafe method ? 

Because, not only do drops of fluid from tlie same vessel, and often of the 
same fluid from different vessels, diflfer in size, but also drops of the same fluid, 
to the extent of a third, from different parts of the lip of the same vessel 

7. Why are cements and mortars used to fasten bricks and stone together? 
Because the adhesive attraction between the particles of brick and stone 

and the particles of mortar, is so strong, that they unite to form one solid 



8. How may the efficacy of a locomotive engine be said to depend upon the force of 
adhesion ? 

If there were no adhesion, or even insufficient adhesion, between the tire 
of the driving-wheel of the locomotive, and the rails upon which it presses, 
the wheel would turn without advancing. 

This actually happens when the rails are greasy, or covered with frost and 
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ice. The contact is thus interrapted, and the adhesion between the rail and 
wheel is impaired. 

9. When a liquid adheres to a solid, what term do ire apply to designate the act of 
adhesion f 

Wetting. It is necessarj that a liquid should adhere to the surface of a solid 
before it can be wet Water foiling upon an oiled surface does not wet it, 
because there is no adhesion between the particles of the oil and the particles 
of the water. 

10. Why are drops of rain, of tears, and of dew npon the leares of plants, generally- 
spherical, or globular f 

The force of cohesion always tends to cause the particles of a liquid, when 
unsupported, or supported on a surface haying httle attraction for it, to as- 
sume the form of a sphere — a globe, or sphere, being the figure which will 
contain the greatest amount of matter within a given surfoce. 

This property of fluids is taken advantage of in the arts, in the manufacture 
of shot. The melted lead is made to fall in a shower, from a great elevation. 
In its descent the drops become globular, and before they reach the end of 
their fall become hardened by cooling, and retain their form. 



CHAPTER IV. 

ATTRACTION OP GRAVITATION. 

57. The Attraction of Gravitation is 
S^on** "tf that form of attraction, by which all bodies at 
Gravitation? gensible distances, tend to approach each other. 

Electricity and Magnetism attract bodies at sensible dis- 

Gravitation tances also, but their influence upon difierent classes of bodies 

^JJ^er from varies, and is limited by distance. Molecular, or Internal At- 

of attraction f traction, acts only at insensible distances. The Attraction of 

Gravitation acts at all distances, and upon all bodies. 

,^ . ^^ 68. Every portion of matter in the universe 

What Is the i . -in 

great law of attracts cvcrv other portion, with a force pro- 

the attraction ,. -.i., . -i 

of Gravita- portioncd diiectly to its mass, or quantity, and 
inversely as the square of the distance. This 
is the great general law of the Attraction of Gravitation. 

By the Attraction of Gravitation being directly proportional to the mass of 
a body, we mean, that if of two bodies, the mass of one be twice as large as 
that of the other, its force of attraction will be twice as great: if it is only 
half as large, its attraction will be only half as great. 

By the Attraction of Gravitation being inversely proportioned to the square 
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of the distance, we mean, that if one bodj, or substance, attracts another body 
with a certiun force at the distance of a mile, it will attract with four times 
that force at half a mile, nine times the force at one third of a mile, and so 
on, in like proportion. On the contrary, it will attract with but one fourth of 
the force at two miles, one ninth of the force at three miles^ one sixteenth of 
the force at four miles, and so on, as the distance increases. 

YiQ^ 3. This law may be further 

illustrated by reference to 
Fig. 3. Let G be the center 
of attraction, and let the four 
dotted lines divei^ng from 
"*" represent lines of attraction. 
At a certain distance fix>m 
they will comprehend the 
small square A ; at twice that 
distance they will mclude the large square B, four times the size of A ; and 
ance there is only a certain definite amount of attraction included withini 
these Hues, it is clear that as B is four times as great as A, the attraction ex- 
erted upon a portion of B equal to A, will be only one fourth that which it 
would experience when in the position marked 1, just half as far from 0. 

As gravitative attraction is tho common property of all 
bodies, it may be asked, why ail bodies not &stened to the 
earth's suxface do not come in contact ? They would do so, 
were it not for the overpowering influence of the earth's at- 
traction, whic^ m a great measure neutralizes^ or overoomes^ 
the mutual attraction of 4»maller bodies on its surface. 
Does a feather ^® throw Up a feather into the air, and it falls through the 
attract the influence of the earth's attraction ; but as all bodies attract 

each other, the feather must also attract, or draw up, the 
earth, in some degree, toward itself This it really does, with a force pro- 
portioned to its mass; but as the mass of the earUi is infinitely greater than 
the mass of the feather, the infiuence of the feather is infinitely small, and we 
are unal>le to perceive it 

«^ In some instances, where bodies are firee to move, the mu- 

lustratioDs of tual attraction of all matter exhibits itself If we place upon 
water, in a smooth pond, two floating bodies at certain dis- 
tances from each other, they will eventually approach, the con- 
ditions affecting the experiment being alike fiw each. Two leaden balls sus- 
pended by a string near each other, are found, by delicate tests, to attract 
each other, and therefore not to hang quite perpendicular. A leaden weight 
suspended near the side of a mountain, indmes toward it to an extent pro- 
portionate to the magnitude of the mountain. 

What U the ^® ®*'*^ attracts the moon, and tMs in turn attracts the 

ttuse of earth. The solid particles of matter upon the earth's surface, 

^ not being fi«e to move, do not sensibly show the influence of 

the moon's attraction; but the particles of water composing the ocean, being 
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free to movei furnish iis evidence of this attraction, in the phenomena of the 
tides. When, by the reyolution of the earth, a certain portion of its sur&ce 
is brought within the direct influence of the moon's attraction, the surface of 
the ocean is attracted, or drawn up^ to form a wave. Tliis wave, or elevation 
of the surface of the water, occurring lyiiformly, is called a tide ; when the 
moon is the nearest to the earth, its attraction i» the greatest, and at theae 
periods we have high tides, or " high water." 

59. All bodies upon the earth are attracted 
toward its center. This we call Terrestrial 
Gravitation. 

The attraction of the earth is not the same 
at all distances from the center, being greatest 
at the surface, and decreasing upward as the 
square of the distance from the center increases, and down- 
ward simply as the distance from the center decreases. 



What is Ter- 
restrial Grar- 

it7? 



What iB the 
lair of the 
earth* s attrac- 
tion? 



SECTION I. 



XT t u ^ 60. When a body falls to the earth, it de- 
at rest upon sccuds bccauso it IS attracted toward the center 

thesurfaceof . /» /• 

the earth at- of tho carth. When it reaches the surface of 

tracted ? , , , . . , 

the earth, and rests upon it, its tendency to 
continue to descend toward the center is not destroyed, 
and it presses downwards with a force proportioned to the 
degree by which it is attracted in this direction. This 
pressure we call Weight. 

What is 61. Weight is, therefore, the measure of 

Weight? £^j.^^ ^^j^ which a body is attracted by the 

earth. In ordinary language, it is the quantity of matter 
contained in a body, as ascertained by the balance. 

Weight being, then, the measure of the earth's attraction, it 

wXht wy? fo^ws that as the attraction of the earth varies, weight must 

also vary, or a body will not have the same weight at all 



The weight of a body will be greatest at the surface of the 
earth, and greatest at those points upon the surface which aro 
nearest the center. 

As the earth is not a perfect sphere, but fiattened at the 
polesy the poles are nearer tlie center than the equator. A 
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body, therefore, will be attracted moet strongly, that is, will weigh the most, 
at the poles, or at that portion of the earth's sur&ce which is nearest the 
center, and weigh the least at the equator, or at that portion of the earth's 
surface which is most remote from the center. 

A ball of iron weighing one thousand pounds in the latitude of the city of 
New York, at the level of the sea^ will gain three pounds in weight, if re- 
moved to the north pole, and lose about four pounds if conveyed to the 
equator. 

Hoj does 62. If a body be lifted above the surface of 

M^e^aa^ the earth, its weight will decrease in accord- 
^th'i^^Bor- ance with the law, that the attraction of 
^'^^ gravitation decreases upward from the surface, 

as the square of the distance from the center of the earth 
increases. 

The weight of a body, therefore, will bo four times greater at the earth's 
sur&ce, than at double the distance of the surface from the center ; or a body 
weighing one pound at the earth's surface, will have only one fourth of that 
weight, if removed as &r from the surface of the earth, as the surface is from 
the center. 

How does ^^' -^® *^® attraction of gravitation decreases 

weight vary dowuward froui the surface to the center of the 

as we descend i . , i ^. i .1 

from the BUT- earth, simply as the distance decreases, weight 
will decrease in like manner. 

A body weighing a pound at the surfece of the earth, will weigh only half 
a pound at one h%lf the distance frx)m the surface to the center. 

Where wui a ^' "^^ *^^ ceutcr of the earth a body will 
JJdghitr®"^ necessarily lose all weight, since, being sur- 
rounded on all sides by an equal quantity of 
matter, it will be attracted equally in all directions, and, 
therefore, can not exert a pressure greater in one direction 
than in another. 

What are -^ ^^ attractive force which the earth exerts upon a body 

U^TbodS*? ^ proportioned to its mass, or to the quantity of matter con- 
tained in it, and as weight is merely the measure of such at- 
traction, it follows that a body of a large mass will be attracted strongly, and 
possess great weight, while, on the contrary, a body made up of a small 
quantity of matter, will be attracted in a less degree, and possess less weight 
We recognize this difference of attraction by calling the one body heavy and 
the other light. 

If; as is represented m Fig. 4, we place a mass of lead, a, at one extremity 
of a well-baianoed beam, and a feather, 6, at the other, we shall find that the 

2* 
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lead is drawn to the earth with a force exactly equal to the saperiority of its 

mass over that of the feather. I^ 
however, we tie on a sufficient 
number of feathers to make up a 
quantity of matter equal to that 
of the lead, the equilibrium is re- 
stored — the two quantities are 
attracted with equal force, and 
the beam is supported in a hori- 
zontal position. 

65. In all the opera- 
tions of trade and com- 
merce, we sell, or ex- 
change a given quantity 
of one article or substance 
for a certain quantity of 
some other article or substance — so much flour for so much 
sugar, or so much sugar and flour for so much gold. 
Hence the necessity, which has existed from 
the earliest ages, of having some fixed rules or 
standards, according to which different quanti- 
ties of different substances may be compared. A set, or 
series, of such rules or standards of comparison, is called a 
System of Weights and Measures. 

Various nations adopt different standards, but in the dvil- 
ized and commercial world, but two great Systems of Weights 
and Measures are generally recognized. These are known as 
the English, and the French Systems. 

In the English System, which is the one used in the United 
States, there are two systems of weights — ^Troy and Avoirdu- 
pois Weight Troy Weight is principally used for weighing 
gold and silver ; Avoirdupois for weighing merchandize, other 
than the precious metals. It derives its name from the French avoirs (averi€b\ 
goods or chattels, and poids^ weight The smallest weight made use of in 
the English System is a gram. By a law of England enacted m 1286f it 
was ordered that 32 grains of wheat, well dried, should weigh a pennyweight. 
Hence the name gi-ain applied to this measure of weight It was afterward 
ordered that a pennyweight should be divided into only 24 grains. Grain 
weights for practical purposes, are made by weighing a thin plate of metal of 
uniform thickness, and cutting out, by measurement, such a proportion of 
the whole as should give one grain. In this way, weights may be obtained 
for chemical purposes, which weigh only the 1,000th part of a grain. 
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kowdoweob- 66. In constrneting a System of Weights 
Iri of w^te ^^d Measures, it is necessary, in the first place, 
and Measures? ^ fi^ upon some dimension which shall forever 
serve as a standard from which all other weights and 
measures may be derived, and by which they may be com- 
pared and verified. If an artificial standard were taken, 
it is evident that it might be falsified, or even entirely lost 
or destroyed, thus creating great confusion. It is, there- 
fore, necessary to fix upon some unchanging and invariable 
space or size in nature, which will always serve as a stand- 
ard, and which the art of man can not affect. In th« 
English System of Weights and Measures, such an un-. 
varying dimension, or standard, is found in the length of 
a pendulum. 

Describe the ^7. A pcudulum is a hcavy body, suspended 

Penduiam. from a fixed point by a wire or cord, in such a 
manner that it may swing freely backward and forward. 
The alternate movements of a pendulum in opposite di- 
rections are called its vibrations, or oscillations, and 
the part of a circle over which it moves is called its arc. 



Hoir does fhe 
Pendulum fur- 
nish a Stand- 
ard of Meas- 
ures of Length? 



Fia. 6. 
A 



In Kg. 5, A B represents a pendulum ; D 

C, the arc in which it vibrates. 

Now, it has been found that 
a pendulum, of any weight, 
which in the latitude of Lon- 
don will vibrate, or swing over 
the same arc, or fit)m the 

highest point on one side, to the highest point 

on the other side, in one second of time, will 

always, under the same circumstances, have 

Che same length. The length of this pendulum 

(the part A B, Fig. 6) is divided into 391,393 

equal parts. Of these parts, 10,000 are called 

an inch, twelve of whidi make one foot, 

thirty-six of them one yard. Thus we ob- 
tain standards of linear measure. 

To obtain a Standard of Weight, a cubic inch {accurately ofh 
tamed from the pendtUum) of distilled water, of the temperature 
of 62<> Fahrenheit's thermometer, is taken and weighed. 

This weight is divided into 252,458 equal parts; and of these^ 1,000 will be 

A grain. The grain multiplied, gives ounces, pounds, etc. 



.D/ 
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Explain the 
construction of 
the French 
System of 
Weights and 
Measures. 



How do b- ^^ obtain standards of Liquid Measure, ten pounds, or 1,000 
tain Standards grains of distilled water, at the same temperature, are made 
McMuxes r ^ constitute a gallon. The gallon, by division, gives quarts, 

pints, and gills. 

68. The French System of Weights and Measures is 
constructed on a different plan, and originated in the fol- 
lowing manner : 

In 1788, the French Government^ feeling the necessity of 
having some standard by which all weights and measures 
might be compared and made uniform, ordered a scientific in- 
quiry to be made ; the result of which was the establishment 
of the present system of French Weights and Measv/res^ which, 
from its perfect accuracy and simphcity is sujjerior to all other systems. It is 
sometimes called the Decimal System, all its divisions being made by ten. 

The French standard is based on an invariable dimension of the globe^ viz., a 
fourth part of the eojr^s meridian^ or the fourth part of the largest circle pass- 
ing through the poles of the earth. 

In Fig. 6, the circle N E S "W repre- 
sents a meridian of the earth ; and a fourth 
part of this circle, or the distance N E, con- 
stitutes the dimension on which the French 
System is founded. This distance, which 
was accurately measured, is divided into 
ten million equal parts ; and a single ten 
millionth part adopted as a measure of 
length, and called a m^tre. The length of 
the metre is about 39 English inchea By 
multiplying or dividing this quantity by ten, 
the other varieties of weights and measures 
are obtained. 

69. In the United States, Standards of Weights and 
Measures, prepared according to the English System by 
order of the Government, are to be found at Washington, 
and at the capital of every State. 



Fig. 6. 




PRACTICAL PROBLEMS ON THE ATTRACTION OF GRAVI- 
TATION. 

1. Suppose two bodies, one weighing 30 and the other 90 pounds, situated ten miles 
apart, were free to move toward each other, under the influence of mutual attraction i 
what space would each pass over before they came in contact ? 

The mutual attraction of any two bodies for each other is proportional to the quantity 
of matter they contain. 

I 2. A body upon the surface of the earth weighs one pound, or sixteen oonees: if by 
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any meana we could carry it 4,000 mUei abore the earth's sarfue, what would be He 

weight? 

SohUion: The force of gravity deereaeee upward, aa the square of the distance fhmi 
the center increaaes : weight, therefore, will decrease hn like proportion. The distance of 
the body upon the surface of the earth, from the center, is 4,000 miles. Its distance from 
the center, at a pofait 4,000 miles aboye the surface, is 8,000. The square of 4,000 ia 
16,000,000 : the square of 8,000 is 04,000,000. The weight, therefore, will be diminished 
in the proportion that sixty-four bears to sixteen; that is, it will be diminished |ths, or 
weigh |th of a pound, or 4 ounces. 

3. What wiU be the weight of the same body remored 8,000 nilet from the earth's 
sarfihce? 

4. A body on the aorface of the earth weigha ten tona : what would be ita weight if 
elevated 2,000 milea above the snrfaee t ^ 

5. How far above the anrfaoeof the earth moat a pound weight be carried, to make it 
weigh one ounce avoirdupois? 

6. What would a body weighing 800 pounds upon the earth'a anrfaee, weigh 1,000 
miles below the surfiAoe? 

The force of gravity decreases as we descend from the snrfsee into the earth, simply 
as the distance downward increases,— weight being the measure of gravity, it therefore 
decreases in the same proportion. The distance from the surface of the earth to the 
center may be assumed to be 4,000 miles : 1,000 miles is one fourth of 4,000. The dis- 
tance being decreased one fourth, the weight is diminished in like proportion, and the 
body will lose 200 pounds, or its total weight would be 600 ponnda 

7. Suppose a body weighing 800 pounds upon the surface of the earth were sunk 8,000 * *- 
miles below the surface : what would be its loss in weight? 

8. If a mass of iron ore weighs ten tons upon the earth's surface, what would it weigh 
at the bottom of a mine a mile below the surface ? 

9. What will be the weight of the same maaa at the bottom of a mine one half a mila 
below the earth's surface ? 



SECTION II. 
SPECIFIC GSAVTTY, OR WEiaHT. 

70. A piece of iron srnka in water, and floats upon qmck- 
ises may the silver. In the first instance, we saj the iron sinks because it 
^Med? ^* is heavier than water; and in the second, it floats, because it 
is lighter than quicksilver. Iron, therefore, is a heavy body 
compared with water, and a light body compared with mercury. But in or- 
dinary language, we always consider iron as a heavy body. The term 
weight may, therefore, be used in two very different senses, and a body may 
be at once very light or very heavy according to the sense in which the terms 
are used. A mass of cork which weighs a ton is very heavy, because its ab- 
solute weight as indicated by the balance, viz.. 2,000^pounds, is considerable. 
It is, however, in another sense, a light body, because if compared, bulk for 
bulk, with most other solid substances, its weight is very small. Hence we 
make a distinction between the absolute, or real weight of a body, and its 
specific, or comparative weight 
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What is Ab- 71. The Absolute Weight of a body is 
•oiate Weight f ^j^g^^. ^f j^g entire mass, without any reference 
to its bulk, or volume. 

What ia spe. ^2. The SPECIFIC Weight, Or the Specific 
eiflewoigbtr Gravity of a body, is the weight of a* given 
bulk, or volume ofthe substance, compared with the weight 
of the same bulk, or volume, of some other substance. 

The term " Specific" Weight, or Gravity, is used, because 
S?term "*SpS bodies of different species of matter have different weights 
<dfic,'' aa ap- under equal bulks, or volumes. Thus, a cubic inch of cork, 
^^htV ^^ ^ different weight from a cubic inch of oak, or of gold, and 

a cubic inch of water contains a less weight than a cubic inch 
of mercury. Hence we say that the specific gravity, or specific weighty of 
cork is less than that of oak or*gold, and the specific gravity of mercuiy is 
greater than that of water. 

73. Specific Gravity, or Weight, being merely the compara- 
Sta^^rd ?* *^^® gravity, or weight, it is convenient that some standard 
estixnatiDg the should be selected, to which all other substances may be re- 
Sy^o^)^©!?" ^6""®^ ^^^ comparison. Distilled water has accordingly been 

taken, by common consent, as the standard for comparing the 
weights of all bodies in the solid, or liquid form. The reason for using dis- 
tilled water is, that we may be certain of its purity. 

Water, therefore, being fixed upon as the standard, we determine the spe- 
dfic gravity of a body, or we ascertain how much heavier or lighter a sub- 
stance is than water, by the following rule :— * 

How do ire 74. Divide the weight of a given bulk of the 
dfic *Gra^^ substance, by the weight of an equal bulk of 

of bodies? wa.tGT. 

Explain the Suppose we take five vessels, each of which would contain 

application of exactly one hundred grains of water, and fill them respectively 
""^ with spirits, ice, water, iron, and quicksilver. The following 

differences in weight will be found: — ^The vessel filled with spirits would 
weigh 80 grams; with ice, 90 grains; with water, 100 gr^ns; with iron, 750 
grains ; with quicksilver, 1,350 grains. 

Water having been selected as the standard for comparmg these different 
weights, the question to be settled is simply this: How much lighter than 
water are spirits and ice, and how much heavier than water are iron and 
quicksilver; or, in other words, how many times is 100 contained in 80, 90, 
750, and 1,350 ? The weights of the different substances filling the vessel 
are, therefore, to be divided by 100, the weight of the water ; and there is 
found for spirits the weight 0*80, one fifth lighter than water ; for the ice, 0-90, 
one tenth lighter than water; for the iron, 7-50, or seven and a half times 
heavier than water; for the quicksilyer, 13*50, or thirteen and a half times 
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heavier than water. These mimhers, therefore^ are the specific gravities of the 
spirits, ice, iron, and qvicksUver. 

For obtaining the specific gravity of Liquids the method 
above described is substantially the one usually adopted in the 
arts. A bottle capable of holding exactly 1,000 grains of 
distilled water, at a temperature of 60^ Fahrenheit, is ob- 
tained, filled with water, and balanced upon the scales. The 
water is then removed, and its place supplied with the fluid whose specific 
gravity we wish to determine, and the bottle and contents again weighed. 
The we^t of the fluid, divided by the weight of the water, gives the specific 
gravity required. Thus a bottle holding 1,000 grains of distilled wat^r, will 
hold 1,845 grains of sulphuric acid; 1,845-1-1,000=1.845, or, the sulphuric 
add is 1.845 tunes heavier than an equal bulk of water. 
_. For obtaining the specific gravity of solid bodies, a difleremt 

mcrse a body method is adopted- When we immerse a body in water, 
it displaces a quantity of water equal to its own bulk. (In 
Fig. 7, the space occupied by the cube A B is obviously 
equal to a cube of water of the same size.) The FiG. t. 

water thiat before occupied the space which the 
body now fills was supported by the pressure of the 
other particles of water around it. The same 
pressure is exerted on the substance whidi we 
have immersed in the water, and, consequently, it 
will be supported m a like degree. 
.^^ If the body weighs less than an 

body sink, and equal bulk of water, the pressure 
water ?*****' ^ *^ *^® ^^^^^ ^^ sustain it entirely, 
and the body will float; i^ on the 
contrary, it is heavier than an equal bulk of water, 
the pressure of the particles of water will be un- 
able wholly to sustain it, and, yieldmg to the at- 
traction of gravitation, it descends, or sinks. 

But to whatever extent a body may be supported in water, to the same 
extent it will cease to press downward, or its weight will dimmish. "We ac- 
cordingly find, that a solid body, when immersed in water and weighed, will 
weigh less than when weighed in air, and the difference between these two 
weights will be equal to the weight of a quantity of water of the same size or 
bulk as the solid body ; all bodies of the same size, therefore, lose the same 
quantity of their weight in water. To find the Specific Gravity of Solids 
heavier than water, or their weight compared with the weight of an equal 
balk of water, we have the following rule : 

75. Ascertain the weight of the body in 
water, and also in air. Divide the weight in 
air by the loss of weight in water, and the 
quotient wiU be the specific gravity required. 
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is known. 



How do we 
find the Spe- 
cific Gravity 
of a body 
lighter than 
water ? 



Suppose a piece of gold weighs in 
the air 19 grains, and in water 18 
grains ; the loss of weight in water will 
be 1; 19-1-1=19, the specific gravity 
of gold. 

Fig. 8 represents the arrangement of 
the balance for taking specific gravities, 
and the manner of suspending the body 
in water from the scale pan, or beam, 
by means of a fine thread, or hair. 

76. To find the specific 
gravity of a body lighter than 
water, tie it to some substance 
sufficiently heavy to sink it, 
whose weight in air and water 
Weigh the two together, both in air and water, 
and ascertain the loss in weight. This loss 
will be the weight of as much water as is equal 
in bulk to the two solids taken together. 
Subtract the loss of the heavy body weigh^ 
by itself in water, previously known, from the loss sus- 
tained by the combined solids. The remainder will be 
the weight of as much water as is equal in bulk to the 
lighter body. Divide the weight of the lighter body in 
air by this remainder, and the quotient will be the spe- 
cific gravity required. 

Thus, for example, let the weight of the lighter solid be 3 ounces, and that 
of the heavier solid 16 ouncea Let the weight which the two together lose 
when submerged in water, be 5 ounces, and let the weight which the heavier 
alone loses when immersed be 1 ounce. Subtracting the loss of weight of the 
heavier body, in water, 1 ounce, from the combined loss of the two in water, 
5 ounces, we have 4 ounces as the weight of a mass of water equaJ in bulk to 
the lighter body. But the weight of the lighter body in air is 3 ounces ; 
3-r-4=0.75=f. It will, therefore, weigh three quarters of its own volume 
of water, or have a specific gravity O.YS. 

*11. The specific gravity of Liquids may also be found by the 
fiiuT the*^Spe^ balance in the following manner : Weigh a solid body »n water, 
cific Gravity as well as in the liquid whose specific gravity is to be de- 
baSance?^^*^^ termined; then the loss in each case will be the respective 
weights of equal bulks of water and liquid. We have^ there- 
fore, the following rule : 

78. Divide the loss of weight in the liquid by the loss 
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of weight in water ; the quotient will give the Bpecific 
gravity of the liquid. 

Thus a solid bodj (a piece of glass is generally used) loses 20 grains when 
weighed in water, and 30 grains when weighed in add; 30-4-20=1.5, the spe- 
dfic gravity of the add. 

79. There are yarious other methods of obtaining the spedfic gravity of 
solids and liquids.* Those we have described are the ones most generally 
adopted. 

Howdovcob- 80. For obtaining the Bpecific gravity of 
J^ ^Gra*^ gases, air instead of water is adopted as the 
of a Gas? Standard of comparison. The weight of a 

given .volume or measure of a gas is compared with the 
weight of an equal volume of pure atmospheric air, and 
the weight of the gas divided by the weight of the air, 
will express the specific gravity ©f the gas. 

81. The following table exhibits the, specific gravity of various solid, liquid, 
and gaseous bodies ; pure water, having a temperature of 60 degrees Fahren- 
heit's thermometer, being assumed as the standard of comparison for solids 
and liquids^ and pure, dry air, having the same temperature, being assumed 
a|||he standard of comparison for gases. The metal platinum has the greatest 
specific gravity of any solid body, being 21^0 times heavier than an equal 
b\ilk of water ; and hydrogen gas the least specific gravity of any of the gasefl^ 
being 14.4 lighter than an equal bulk of air, and 12.000 lighter than an equal 
bulk of water. These two substances are respectively the heaviest and light- 
est forms of matter with which we are acquainted. 

SOLIDS AND LIQUIDS. 

Distilled water 1.000 

Platinum • 21.600 

Gold 19.360 

Mercury 13.600 

' Lead 11.450 

Silver 10.500 

Copper 8.870 

Iron 7.800 

Flint Glass 3.320 

Marble 2.830 

Anthracite coal 1.800 

Box-wood 1.320 

Sea-water 1.020 

Vlialeoil 0.920 

Pildi-prne wood 0.660 

• See Hydrometer. 
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White pine 0.420 

Alcohol 0.800 

Ether 0.720 

Cork 0.240 

OASES. 

IPure, dry atmospheric air 1.000 

Carbonic acid gas 1.520 

Oxygen. 1.100 

Nitrogen 0.9T0 

Ammoniacal gas . 0.580 

Hydrogen , 0.070 

„ ^ 82. A cubic foot of water weighs almost exactly 1,000 

How can we . , . « « , ■ 

determine the ounces avoirdupois, or 62^ pounds. I^ therefore, tlft specific 

Sf^^bJ^yfrom ^^^^^T ^^ "^^^ ^ represented by the number 1,000, the 

its Specific numbers which express the specific gravity of all other solids 

Gravity? ^^^ liquids, will also express the number of ounces contained 

in a cubic foot of their dimensions. Thus, the specific gravity of gold being 

19.360, it follows that a cubic foot of gold will weigh 19,360 ounces; and the 

specific gravity of cork being 0.240, the weight of a cubic foot of cork will 

be 240 ounces. By means of a table of specific gravities, therefore, the 

weight of any mass of matter can be ascertained, provided we know it^u- 

bical contents, by the following rule : ^ 

83. Multiply the weight of a cubic foot of water by 
the specific gravity of a substance ; the product will be 
the weight of a cubic foot of that substance. 

Thus, anthracite coal has a specific gravity of 1.800. This, multiplied by 
the weight of a cubic foot of water, 1,000 ounces, gives 1,800 ounces, which 
is the weight of a cubic foot of coaL 

Hoir can we 84. Thc volumc, or bulk, of any givcn Weight 
bSk *of "k Bub* ^^ * substance can also be readily calculated, 
s^cmc'SJay! ^y dividing the number expressing the weight 
*'y* in ounces by the number expressing the spe- 

cific gravity of the substance, omitting the decimal points; 
the quotient will express the number of cubic feet in the 
volume, or bulk. 

Thus, for example, if it be desired to ascertain the bulk of a ton of iron, it 

is only necessary to reduce the ton weight to ounces, and divide the number 

of ounces by '7.800, the specific gravity of iron; the quotient will be the 

r^Lx. x^ , number of cubic feet in the ton weight 
Iftheparticlea /-»,* t/. i ,• i /» ii 

of matter were 85. If the particlcs of all matt^ wcrc per- 
how woSr^ fectly free to move among themaelves, their 
themsdres^^^ arrangement in space would always be in ex- 
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Why does a 
balloon ascend, 
or a cork rise 
to the surface 
ofwaterif 



-act accordance with their diflTerent specific gravities : in 
other words, light bodies, or those having a small specific 
gravity, would rest upon, or rise above all heavier bodies, 
or those possessing a greater specific gravity. 

-p, . .jj In the case of different liquids, the particles of which are 

trations of this free to move among themselves, this arrangement always ex- 
principie? jg^ g^ j^^g gg ^^^q different substances do not combine to- 

gether, by the force of chemical attraction, to form a compound substance. 
Thus, water floats upon sulphuric acid, oil upon water, and alcohol upon oil, 
and by carefully pouring each of these liquids successively upon the 8ur£ico 
of the other, they may be arranged in a glass in layers. 

Carbonic acid gas is heavier than atmospheric air. "We accordingly find 
that it ateumulates at the bottom of deep pits, wells, caverns and mines. 

This principle also explains certain phenomena which at 
first seem opposed to the law of terrestrial gravity, that all 
matter is attracted toward the center of the earth. We ob- 
serve a balloon, a soap-bubble, or a cloud of smoke or steam 
to ascend ; and a cork, or other light body, placed at the bot- 
tom of a vessel of water, rises through it, and swims on the surfiice. These 
phenomena are a direct consequence of gravitation ; the attraction of which, 
increasing with the quantity of matter, draws down the denser air and water 
to occupy the place filled by the lighter bodies, which are thus pushed up^ 
and compelled to ascend. 

PxQ. 9. Suppose (i, Fig. 9, a ball of wood so loaded with lead 

that it will float exactly in the middle of a vessel of water. 
The weight of the wood and the upward pressure of the 
water have such a relation to each other, that the ball is 
balanced in this position. If now we add a few drops of 
strong salt and water, we shall see, as it sinks and mixes 
with the water, that the ball, a, is forced to the top of the 
fluid, because the attraction of gravitation on the denser 
fluid draws it down, and compels it to occupy the place 
of a. 

The principle that the particles of liquids arrange them- 
selves according to their specific gravities, has been taken 
advantage of in the West Indies by the slaves, in order to 
enable them to steal rum from casks. The long neck of a bottle filled with 
water, is inserted through the bung of the cask into the rum. The water 
&ll8 out of the bottle into the cask, while the lighter rum rises to take its 

place. 

The principle of specific gravity admits of many valuable 
applications in the arts. It offers a very sure and quick 
method of determining whether a substance is pure or adul- 
terated. Thus, silver may be mixed with gold to a consider- 
able extent, without changing, to any great degree, the ap- 
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pearance of the gold. The specific gravity of pure gold being 19, and of pure 
silver 10, it is obvious that a mixture of the two will have a specific gravity 
less than pure gold, and greater than pure silver, the difference being proi)or- 
tioned to the amount of adulteration. In the same way we can determine 
whether cheap oils have been mixed with expensive oils, cheap and poor il- 
luminating gas, with expensive and brilliant gas. In any case it enables us 
to ascertain the exact size or solid bulk of a mass, however irregular--evcn 
of a bundle of twigs.* 

PRACTICAL PROBLEMS RELATING TO SPECIFIC GRAVITY. 

1. The weight of a solid body is 200 grains, bat its weight in water is only 160 grains ; 
what is the specific gravity of the body ? 

Solution : 50 grains = loss of weight in water ; 200 grains (weight in air) -i- 60=4, spe- 
cific gravity required. 

2. A body weighed in the air 28 poonds, and in water 24 pounds ; what is its specific 
gravity ? 

3. An irregular fragment of stone weighed in air 78 grains, but lost 30 upon being 
weighed in water; what was the specific gravity of the stone? 

4. A piece of cork weighed in the air 48 grains, and a piece of brass 560 grains ; the 
brass weighed in water 488 grains, and the brass and cork when tied together weighed in 
water 336 grains. What was the specific gravity of the cork f ^\a 

6. How much more matter is there in a cubic foot of sea-water, than in a cubic foot of 
firesh water? 

6. Would a piece of steel sink or .swim in melted copper? 

7. When alcohol and whale-oil are put in the same vessel, which of fheae two sub- - 
stances will occupy the top, and which the bottom part of the vessel? 

8. If a cubic foot of water weigh 1,000 ounces, what will be the weight of a cubic foot 
of lead? 

9. What will be the weight of a cubic foot of cork, in ounces and in pounds? ^ 1/ « k ) ' 

* The attempt to ascertain whether a particular body had been adulterated led Archi- 
medes, it is said, to the discovery of the principle of specific gravity. Hiero, King of 
Syracuse, having bought a crown of gold, desired to know if it were formed of pure metal ; 
and as the workmanship was costly, he wished to accomplish this without defacing it 
The problem was referred to Archimedes. The philosopher for some time was unable to 
solve it, but being in the bath one day, be observed that the water rose in the bath in ex- 
act proportion to the bulk of his body beneath the surface of the water. He instantly per- 
ceived that any other substance of equal size, would raise the water just as much, though 
, one of equal weight and less size, or bulk, could not produce the same effect Convinced 
that he could, by the application of this principle, determine whether Hiero*8 crown had 
been adulterated, and moved with admiration and delight, he is said to have leaped from 
the water and rushed naked into the street, crying " EvpriKa I Evprixa I" " I have found it! 
1 have found it 1" In order to apply his theory to practice, he procured a mass of pure gold 
and another of pure silver, each having the same weight as the crown ; then plunging the 
three metallic bodies successively into a vessel quite filled with water, and having carefully 
collected and weighed the quantity of liquid which was displaced in each instance, ho 
ascertained that the mass of pure gold, of the same weight as the crown, displaced less 
water than the crown ; the crown was, therefore, not pure gold. The mass of pure silver 
of the same weight as the crown, displaced more water than fhe crown; the crown, there- 
fore, was not pure silver, but a mixture of gold and silver. 
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10. Hoir many caWc feet in a ton of gold f ^ • '^ - :* . . • 

11. How many cu'bic feet in two tons of anthracite coal ? ' - , 

12. HoTT many cubic feet in a ton of cork f '.' ^ 

13. A fragment of metal lost 6 oanoes when weighed in water ; what were Iti dimen- 
Eions, sapposing a cubic foot of water to weigh 1,000 ounces f 

SoluHon: The Ices of weight in water, 5 ounces, ia the weight of a balk of water equal 
to that of the body. As we know the weight of a cubic foot of water, we can detemiiiio 
the number of cubic inches or feet in any given weight, thus : as 1,000 (the weight of a cubic 
foot of water in ounces) is to 5 ounces, so is 1,728 (the number of cubic inches in a cubic 
foot) to 8.64 cubic inches, the dimensions of the fragment 

14.. Wishing to ascertain the number of cubic inches in an irregular fragment of stone, 
it was weighed in water, and its loss of weight obserred to be 4.95 onnees. What were its 
dimensions ? . , / - -n v ' 

SECTION III. * ' -, « . . ^ 

CENTER OP GRAVITY. 

What is the ^^' ^^^ Center of Gravity in a body, is 
g^nterof^rav- that point about which, if supported, the 
whole body will balance itself. 

Pj^ 2q If we take a rod, or beam, of 

equal size throughout, and suspend 

it from the middle, Fig. 10, the 

two sides will exactly balance each 

^ other, and it will remain at rest in 

a horizontal position. There being 

as much matter similarly situated on one side of the support as on the other, 

the force of attraction exerted on both sides will be alike, and therefore one 

side can not overpower, or outweigh the other. 

In every body, of whatever size or form, a point may be 
consid^r*^ the ^<'^^^» about which, if supported, all the parts of the body will 
whole attrao- balance, or remain at rest. Everybody may be considered as 
a bodv^conoen^ ^i^e ^P o^ separate particles, each acted upon separately by 
trated at its gravity, but as by supporting this one point we support the 
^^nterofOray- ^.jj^j^^ ^ ^y lifting it we lift the whole, and as by stopping it 
we cause the whole body to rest, the whole attraction exerted 
on the entire mass may be considered as concentrated at tliis one point, and 
tiiis point we call the Center of Gravity. 
^ , , ,^ 87. The Center of Magnitude of a body, 

What is the , . /» i i n /» i 

centerof Mag- is the Central point of the bulk, or mass of the 

body. 
-^ . .^ 88. When a body is of uniform density, the 

Where ia the ^ ^ '^ mi . • i • i • 

Center of Orav- CENTER OF GRAVITY Will COmClde With itS 

center of magnitude ; but when one part of a 
body is composed of heavier materials than another part, 




46 WELLS'S NATURAL PHILOSOPHY. 

the center of gravity no longer corresponds with the center 
of magnitude, or the central point of the bulk of the body. 

Fia. 11. Thus, in a sphere, a cube, or a cylinder, the center of grav- 

ity is the same as the center of the body. In a ring of uni- 
form size and density, the center of gravity is the center of 
I the space inclosed in the ring (see Fig. 11). This example 
' shows that the center of gravity is not necessarily included 
in that portion of space occupied by the matter of the body. 
In a wheel of wood of uniform density and thickness the 
center of gravity will be the center of the wheel, but if^ part of the rim be 
made of iron, the center of gravity will be removed to some point aside from 
the center. 

When two bodies are connected together, they may be regarded as one 
body, having but one center of gravity. If the two bodies be of equal weight, 
the center of gravity will be in the middle of the line which unites them ; 
but if one be heavier than the other, the center of gravity will be as much 
nearer the heavier body, as the heavier exceeds the lighter one in weight. 
Fig. 12. Thus, if two balls, each weighing four pounds, bo 

i connected together by a bar, the center of gravity 

^^ will be a point on the bar equally distant from 
^ ^hj each- But if one of the balls be heavier than the 

^^^ other, then the center of gravity will, in propor- 
tion, approach the larger ball. This is illustrated by reference to Fig. 12, in 
which the center of gravity about which the two balls support themselves, is 
Been to be nearest to the heavier and larger*ball. 

89. The center of gravity of a body being regarded as the 
Center ^f Grav- P°*^* ^ which the sum of all the forces of gravity acting upon 
Ity be in perma- the separate particles of the body are concentrated, it may 
equilibrium?**' ^6 Considered as influenced by the attraction of the earth 
in a greater degree than any other portion of the body. It 
follows, therefore, that if a body has freedom of motion, it can not be brought 
into a position of permanent equilibrium, until its center of gravity occupies 
the lowest situation which the support of the body will aUow ; that is, the 
center of gravity will descend as far toward the center of the earth as possible. 

,^ , , 90. By Equilibrium we mean a state of rest 

What do yre -, i i -, . <ii. « 

m^anirjrEquiu- proQuced by the counterpoise, or balancing, of 
opposite forces. 

Thus when one force tending to produce motion in one direction, is opposed 
by an equal force tending to produce motion in an exactly opposite direction, 
the two balance each other, and no motion results. To produce any action, 
there must be an inequality in the condition of one of the forces. 
P . The truth of this principle may be illustrated by certain ex- 

periment can perimeuts which at first seem to be contradictory to it. Thus 
this princjpfe I ^ Cylinder may be made to roll up an inclined plane. Fix a 
piece of lead, I, Fig. 13, on one side of the cyhnder a, so that 
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Fig. 




ninstrate 
first case. 



the 



the center of gravity of the cylinder will be at the point I, while its center 

of magnitude is at c. The cylinder 
will tlien roll up the incHned plane to 
tho position a 2, because tlie center 
of gravity of the mass, 2, will endeavor 
to descend to its lowest point 

91. A prop that supports 
the center of gravity sup- 
ports the whole hody. This support may be applied in 
In what three three different ways I 

ceSr^Sarav ^' ^^^ point of support may be applied di- 
% he support- rectly to the center of gravity of the body. 

2. The point of support may have the cen- 
ter of gravity immediately below it. 

3. The point of support may have the center of gravity 
immediately above it. 

In the first case, where the point of support is applied di- 
rectly to the center of gravity, the body will remain at rest in 
any position ; this is illustrated in the case of a common wheel, 
where the center of gravity ia also the center of the figure, and this being 
j^(j^ l^ supported on the axle, the _ wheel rests 

indifferently in any position. In Fig. 
14, let a, the center of the wheel, which 
=» w is also its center of gravity, be supported 
by an axle ; — the wheel rests, no matter 
—O' to what extent we turn it. 

In tho second case, where the point 
- -C of support is above the center of gravity, 
the body, if it is allowed freedom of mo- 
tion, will not rest in perfect equilibrio 
until its center of gravity has descended to the lowest position, which in all 
cases will be immediately beneath the point of suspension. 
^n^^aJ^® Thus, in Fig. 14, let the wheel, the center of gravity of which 
is at a, be suspended from tho point &, by a thread, or hung 
upon an axle, having freedom of motion on that point. However much we 
may move it, either right or left, toward m or w, as shown by the dotted lines, 
am and an, it swings back again, and is only at rest when b and a are in the 
same perpendicular line. 

In the third case, where the point of support has the cen- 
tWrdSro. ^^ *®^ ^^ gravity above it, a body will remain at rest only so long 
as the center of gravity is in a vertical line, above the point 
of support In Fig. 14, suppose I3ie wheel to be supported at the point c, sit- 
uated in a vertical line a c, immediately below the center of gravity, a; so 
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long as this position is' maintained, the wheel will remain at rest, but the mo- 
ment the center of gravity, a, is moved a little to the right or left, so as to 
throw it out of the vertical line joining a and c, the wheel will turn over, and 
assume such a position as to bring the center of gravity immediately beneath 
the point of support, as in the second case. 

Upon what 92. The stability of a body, therefore, de- 

bSityoff bo^y pends upon the manner in which it is sup- 
depend? ported, or in other words, upon the position 

of its center of gravity. 

What are the 93. As a body may be supported in three 
uoWE^qSuil positions, we have, as a consequence, three 
brium? conditions of equilibrium, viz., Indifferent, 

Stable, and Unstable Equilibrium. 

Indifferent Equilibrium occurs when a body is supported 
upon its center of gravity ; for then it remains at rest indiffer- 
ently in every position. 

Stable Equilibrium occurs when the point of support is 
above the center of gravity. If a body be moved from this 
position, it swings backward and forward for a time, and 
finally returns to its original situation. 

Wh t i u Unstable Equilibrium occurs when the point of support is 

stable EquUi-. beneath the center of gravity. The tendency of the center of 
bnum ? gravity m such cases is to change, and take the lowest situation 

the support of the body will allow. 

94: The prmciple that when a body is suspended freely, it 
will have its center of gravity in a vertical line, immediately 
below the point of support, has been taken advantage of to 
determine experimentally the position of the cecter of gravity, 
in irregular shaped bodies. Suppose we suspend, as in Fig. 
15, an irregular piece of board by means of cord. A plumb-hne let fall from 
the point of support, or the prolongation of the cord, will 
pass through the center of gravity, Gr. If we now attach 
the cord to another point, and suspend the body anew, the 
prolongation of the cord in this instance, also, will pass 
through the center of gravity, G. The intersection of 
these two lines will be the center of gravity, and the 
board, if suspended by a cord attached to this pomt, will 
hang evenly balanced. 

. 95. A line which connects the center of 
gravity of a body with the center of the 
earth, or, in other words, a line drawn from 
the center of gravity perpendicularly downward, is called 
the Line of Direction. It is called the Line of Direction, 
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Fig. 15.' 
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JT^* ^. **»« because when a solid body falls, its center of 
tion? gravity moves along this line until it reaches 

the ground. When bodies are supported upon a basis, 
their stability depends on the position of their Line of 
Direction. 

96. If the line of direction falls within the 
base upon which the body stands, the body 
remains supported ; but if it falls without the 
base, the body overturns. 

Fig. 16. Fia. it. 



When wm a 
body stand, 
and irhen will 
it fan? 





Thus, in Hg. 16, the line directed vertically from the center of gravity, G, 
falls within the base of the body, and it remains standing; but in Fig. 17 a 
similar line falls without the base, and the body, consequently, can not bo 
maintained in an upright position, and must Mi 

A wall, or tower stands securely, so long as the perpendicular line drawn 

through its center of gravity falls 



Fig. 18. 




within its base. The celebrated 
leaning- tower of Pisa, 315 feet high, 
which inclines 12 feet from a per- 
fectly upright position, is an example 
of this principle. For instance, the 
hno in Fig. 18, fallmg from the top 
of the tower to the ground, and 
passing through the centerof gra /ity, 
falls within the base, and the tower 
stands securely. If, however, an 
attempt liad been made to build the 
tower a little higher, so that the per- 
pendicular line passing through the 
center of gravity, would have fallen 
beyond the base, the structure c . ..Id 
no longer liavo supported itself. 

97. The broader, or larger 
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the base of a body, and the nearer its principal mass is to 
the base, or, in other words, the lower its cen- 
ter of gravity is, the firmer it will stand. 

A pyramid, for tliis reason, is the firmest of all structures. 
The base upon which tlie human body rests, or is supported, 
is the two feet and the space included between thenL The 
advantage of turning out the toes when we walk is, that it 
increases the breadth of tlie base supporting the body, and 
enables us to stand more securely. 
In every movement of the body, a man adjusts his position unconsciously, 
in such a way as to support the center of gravity, and cause the line of di- 
rection to fall within the base. 

Why does a j^ person carrying a load up<Mi his back, bends forward in 
order to bring the center of gravity and his load over his 
feel , 



When wiU 
body stand 
most firmly? 



What is the 
advantage of 
turning out the 
toes in walk- 
ing? 



person carry- 
ing a load up- 
on his back 
Itend over ? 



Fm. 19. 



Fig. 20. 





^ 



Why does a 
person lean for- 
ward in ascend- 
ing a hill, and 
backward in 
descending? 



Why is a high 
carriage more 
liable to over- 
turn than a low 
one? 



Fig. 21. 



If he carried the load in the position of A, Fig. 19, he would be liable to 
fall backward, as the direction of the center of gravity would fall beyond hia 
heels ; to bring the center of gravity over his feet, he assumes the position 
indicated by B, Fig. 20. 

For the same reason, when a 

man ascends a hill he leans for- 
ward, and when he descends he 

leans backward. See Fig. 21. 
A high carriage is much more 

liable to be overset by an irregu-. 

larity in the road than a low one ; 

because the center of gravity being 

high, the line of direction is easily 

thrown without the base. This 
will appear evident from the following illustration, Fig. 22. 
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Fig. 23. 



Let A represent a coach standing on a level ; B, a cart loaded with stones 
on a slope ; C, a wagon loaded with hay on a slope ] a a a the centers of 
gravity ; a b, line of direction ; c dj base. 

Here it is obvious that the hay- wagon must upset, because the line of di- 
rection falls without the base ; that the coach is very secure, because the line 
of direction Ms far within the base; and the stone-cart, though the center 
of gravity is low down, is not very secure, because the line of direction fitlls 
veiy near the outside of the base. 

The effect on the stability of a body occa- 
sioned by placing its center of gravity in a very 
low position, is shown in an amusing toy for 
children, represented by Fig. 23. The horse, 
with his rider, is firmly supported on his hind 
feet, because, by means of a leaden ball attached 
to^he bent wire, the center of gravity is brought 
below the point of support. 

When wfll a ^^* ^^^ ^® P^^^^ ^^ ^ '^' 

l)ody slide and dined surface, it will shde down 

when rou down ^hgn its Ime of direction falls 
within the base ; but it will roll 
Fig. 24. down when it fells with- 

out the base. Thus the 

body, c, Fig. 24, having its line of direction e a, with- 
in the base, will shde down the inclined surfece, c d; 
but the body h a, will roll down, since its line of di- 
rection, b Oj Mis vnthouit the base. 



afdope? 



JblG. 24. 




PRACTICAL QUESTIONS ON THE CENTER OF GRAVITY. 

1. Why does a person in rising from a chair bend forward ? 

When a person is sitting, the center of gravity is supported by the seat; 
in an erect position, the center of gravity is supported by the feet; therefore, 
before rising it is necessary to change the center of gravity, and, by bending 
forward, we transfer it from the chair to a point over the feet. 
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2. Why is a turtle placed on its back unable to inoYe ? 

Because the center of gravity of the turtle is, in this position^ cU the lowest 
point, and the animal is unable to change it ; therefore it is obliged to remain 
at rest 

3. Why do very fat people throw back their head and shoulders when they walk t 

In order that they may effectually keep the^ center of gravity of the body 
over the base formed by the soles of the feet. 

4 Why can not a man, standing with his lieels close to a perpendicular wall, bend over 
sufficiently to pick up any object that lies before him on the ground, without falling? 

Because the wall prevents him from throwing part of his body backward, 
to counterbalance the head and arms that must project forward. 

5. What is the reason that persons walking arm-in-arm shake and Jostle each other, 
unless they make the niorements of their feet to correspond, as soldiers do in marching ? 

"When we walk at a moderate rate, the center of gravity comes alternately 
over the right and over the left foot The body advances, therefore, in a wav- 
ing line ; and unless two persons walking together keep step, the waving mo- 
tion of the two fails to coincide. 

6. In what does the art of balancing or walking upon a rope consist ? 

In keeping the center of gravity in a line over the base upon which the 
body rests. 

7. Why is it a very difficult thing for children to learn to walk ? 

In consequence of the natural upright position of the human body, it ia 
constantly necessary to employ some exertion to keep our balance, or to pre- « 
vent ourselves from falling, when we place one foot before the other. Chil- 
dren, after they acquire strength to stand, are obliged to acquire this knowl- 
edge of preserving the balance by experience. When the art is once ac- 
quired, the necessary actions are performed involuntarily. 

8. Why do young quadrupeds learn to walk much sooner than children f 
Because a body is tottering in proportion to its great aUitude and narrow 

lose, A child has a body thus constituted, and learns to walk but slowly be- 
cause of this difficulty (perhaps in ten or twelve months), while the young of 
quadrupeds, having a broad supporting base, are able to stand and move about 
almost immediately. 

9. Are all the limbs of a tall tree arranged in such a manner, that the line directed 
from the center of graWty is caused to fall within the base of the tree ? 

Nature causes the various limbs to shoot out and grow from the sides 
with as much exactness, in respect of keeping the center of gravity within 
the base, as though they had been all arranged artificially. Each limb grows, 
in respect to all the others^ in such a, manner as to preserve a due balance be- 
tween the whole. 
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SECTION IV. 



EFFECTS OF GRAVITY AS DISPLAYED BY FALLING BODIBa 



What is a Ver- 
tical Uner 



What is a 
Plamb Line ? 



Pig. 26. 




98. When an unsupported body falls, its 
motion will be in a straight line toward the 

center of the earth. This line is called a Vertical 
Line. 

99. If a body be suspended by a thread, the 
thread will always assume a vertical direction, 

or it will represent that path in which the body would 
have fallen. A weight thus suspended by 
a thread, is called a Plumb-Link,* Fig. 25, 
and is used by carpenters, masons, etc., to 
ascertain by comparison, whether their work 
stands in a vertical or perpendicular position, 
^vhat is a 100. A plumb-line is always 

Level Surface? perpcndicular to the surface of 
water at rest. The position of such a sur* 
face we call Level. 

No two plumb-lines upon the earth's surface will be 
parallel, but will incline toward each other, since no two 
bodies from different points can approach the center of a 
sphere in a parallel direction. If their distance apart be 

one mile, this inclination will amount to one minute, 

and if it be sixty miles, to one degree. In Fig. 26, 

let E E be a portion of the earth's surface, and D its 

center ; the bodies A, B, and C, when allowed to 

drop, will fell in the direction A D, B D, and C D. 

101. As the attraction of e^ 

the earth acts equally and 

independently on all the 

particles composing a body, 
it is clear that they must all fall with 
equal velocities. It makes no difference whether the sev^ 
eral particles fall singly, or whether they fall compacted 
together, in the form of a large or a small body. 

* PInml) Line, so called from the Latin word plumbwny lead, the weight nsaally at- 
tached to the string. 



Will all bodies, 
under the in- 
fluence of grar- 
ity alone, fall 
with eqnal ve- 
locities y 




#C 
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Fia. 27. 



you prove this 
law? 



^ 



If ten or a hundred leaden balls be disengaged together, they wUl fall in 
the same time, and if they be molded into one ball of great magnitude, it 
will still £dl in the same manner. 

102. Hence all bodies under the influence of gravity 
alone, must faU ynih. equal velocities.* 

There are some familiar facts which seem 
periment can to be opposed to this law. When we let go 
a feather and a mass of lead, the one floats 
in the air, and the other Ms to the ground very 
rapidly. But in this case, the operation of gravity is modified 
by the resistance of the air ; the feather floats because the 
air opposes its descent, and it can not overcome the resistance 
ofifered. But if we place a mass of lead and a feather in a 
vessel exhausted of air, and liberate them at the same time, 
they will fall in equal periods* The experiment is eaaly 
shown by taking a glass tube, Fig. 27, closed at one end, and 
supplied with an air-tight cap and screw-cock at the other. 
A feather and a piece of metal are previously inclosed in the 
tube. The tube being filled with air, and inverted, the metal 
will fall with greater speed than the feather, as might be ex- 
pected. If the tube be now exhausted of air by means of 
an air-pump and the screw-cock, and in this condition in- 
verted, the feather and the metal will fall fix)m end to end 
of the tube with equal velocity. 

103. If a man leap from a chair or table, 
he will strike the ground without injury. If 
the same man leap from the top of a high 
house, he will probably be killed. These, 
and many like instances, prove that the force 
with which a falling body strikes the ground depends upon 
the height from which it fidls. But the force depends on 
the velocity of the body the moment it touches the ground j 
therefore, the velocity with which a body falls depends also 
upon the height from which it descends. 



Upon what do 
th& force and 
Tclocfties of 
falling bodies 
depend ? 



'iC^ 






* Previons to the time of Galileo, the philosophers maintained that the relodty of a 
falling body was in proportion to its weight, and that if two bodies of unequal weights, 
were let fall from ati elevation, at the same moment, the heavier would reach the ground 
as much sooner than the lighter, as its weight exceeded it. In other words, a body weigh, 
ing two pounds would fall in half the time that would be required by a body weighing one 
pound. Galileo, on the contrary, asserted that the velocity of a falling body is independant 
of its weight, and not affected by it. The dispute running high, and the opinion of the 
public being generally averse to the views of Galileo, he challenged his opponents to test 
the matter by a public experiment The challenge was accepted, and the celebrated leaning, 
tower of Pisa agreed upon as the place of triaL In the presence of a large concourse, two 
balls were selected, one having exactly twice the weight of the other. The two were then 
dropped from the summit of the tower at the same moment, and, in exact aocordanoe 
with the assertions of Galileo, they both struck the ground at the same instant. 
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Bow doei 104. When a bo47 &Ua^ it is attracted hj'gnmty during 

ffe^ W?" *^® ^^ol® *^® ^'^ i^ fiJling. Gravity does not merely se« 
the body in motion and then ceasei, but it oontinaes to act 
During the first second of time, the foroe of gravity will cause the body to 
descend through a certain space. At the end of this time, the body would 
continue to move, with the motion it has acquired, without the action of any 
farther force, merely on account of its ineitia. But gravity continues to act, 
and win add as much more motion to the falling body during the second 
second of time, as it did during the first second, and as much again during 
the third second, and so on. 

What is the ^^^' Falling bodies, therefore, descend to 
bUdiMf ^^""^ ^^ earth with a unifonn accelerated motion. 
A body falling from a height will fall 16 feet 
in the first second of time,* three times that distance in 
the second, five times in the third, seven in the fourth, 
the Spaces passed over in each second increasing as the 
odd numbers 1, 3, 5,^, 9, 11, etc. 

Bow does the 106. The entire space passed over by a body 
^^ a^thl i^ falling is as the square of the time ; that is, 
tog\Sdy im- ^^ *wi<^® ^^^ *i°^® 1* wil^ f^l^ through four times 
^'^^ the space ; in thrice the time, nine times the 

space.*]" 

The time occupied in falling, therefore, being known, the height from which 
a body falls may be calculated by the following rule; 

Time bd ^^^' Multiply the square of the number of 

gjei^hoj^«« seconds of time consumed in falling, by the 
which a body distaucc which a body will fall in one second of 

falls be found? . *^ 

tmie. 

Thus, a stone is five seconds in fallmg from the top of a precipice ; the square 
of five seconds is 25; this multiplied by 16, the number of feet a body will 
Mim one second, gives 400 — the height of the precipice. 

How do tho 108- As the effect of gravity is to produce a 
tiSS^famSg uniform accelerated motion, the velocity of a 
compare? falling body wiU increase as the time increases. 

* The spaces described by falling bodies are here given in round nnmbers, the fractions 
being omitted. The space descxibcd by a falling body daring the &-Bt second is 16 l-lOth 
feet 

t The laws of fallingliodies are very clearly demonstrated by means of an ingenioas piece 
of philosophical apparatus, knonm as *^ Atwood's Machine." A description of this ap- 
paratns has been omitted in this work, as any formal explanation of its principle of con- 
struction, apart fh>m the machine Hself, is unsatisfactory} and generailj umnteUigibla to 
thcsfcfideBt. 



56 



WELLS'S NATURAL PHILOSOPHY, 



Thus, at the end of two scoonds, the velocity acquired by a falling body 
will be twice as great as at the end of one second, thrice as great at the end 
of the third second, and so on, 

Hoirarebodies 1^^' Bodies projected directly upward, will 
▼Md^JffliencSd ^^ influenced by gravitation in their ascent, as 
by gravity? y^^jj j^g jjj their dcscent, but in a reversed 
order ; producing continually retarded motion whUe they 
are rising, and continually increasing motion during their 
lall 

Thus, a body projected up perpendicularly into the air, if not influenced by 
the resistance of the air, would rise to a height exactly equal to that from 
which it must have £iUen to acquire a final velocity the same as it had at 
the first instast of its ascent 

110, To determine the height to which a 
body projected upward will rise, with a given 
velocity, ascertain the height from which a 
body would fall to acquire the same velocity. 
The answer in one case will be the answer in 



How can ire 
determine the 
height which a 
body projected 
vpward with a 
given Telocity 
wiUascaad? 



the other. 



now do the 
times of ascent 
and descent 
Aompwe? 



111. The time, also, which the ascending 
body would require to attain its greatest 
height, would be just equal to the time it 
would require to fall to the ground from that height. 

The following table exhibits an analysis of the motions of a falling body; 
the spaces passed over in each interval of time of falling, increasing as tho 
odd numbers 1, 3, 5, *lj 9, etc. ; the velocities acquired at the end of each in- 
terval increasing directly as the times j and the whole space passed over being 
as the squares of the times. 



Number of Seconds 

in the Fall, couDteA 

f.-om a State of 

Rest. 


Spaces fallen 

thron^h in each 

•nccewive Second. 


Velocities acquired 

at the End of 

Number of Seconds 

expressed in FIr?t 

Colomn. 


Total Height fallen 
through from Rest 
in the Number of 

First Column. 


1 
2 
3 
4 
6 
6 
7 
8 
9 
10 


1 

3 

5 

T 

9 

11 

13 

16 

IT 

19 


2 

4 

6 

8 
10 
12 
14 
16 
13 
20 


1 
4 

9 
1« 
25v 

% 

64 

81 

100 



Where extreme accuracy is not required, most of the problems connected 
with the descent of falling bodies, may be worked with great readiness — 16 
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feet, the space passed through by a falling bodj in one second, being taken 
as the common multiple of distances and velocities. 

Thus, to ascertain the height from which a body would fall m 5 seconds, 
take in the fourth column of the table the number opposite 6 seconds, which 
is 25, and multiply it by 16; the product, 400, will be the height required. 
Problems of this character may also be worked by the rule given (§ 107). 

In the same manner, if it be required to determine the space a falling body 
would descend through in any particular second of its motion, as, for exam- 
ple, the 5th second, we take in the second column of the table the number 
opposite five seconds, which is 9, and multiply it by 16 ; the product, 144, is 
the space required. 

In like manner, if it be required to determine with what velocity a body 
would strike the ground after falling during an interval of 5 seconds, we take 
the number in the thutl column of the table opposite 6 seconds, which we 
find to be 10, and multiply this by 16. The product, 160 feet, will be the 
velocity required ; and a body thus fallmg for 5 seconds would have, when 
it strikes the ground, a velocity of 160 feet. 

What will be . ^^^- ^^ ^ ^^^y^ instead of falling perpen- 
Tb^^^'SiU^ dicularly, be made to roll down an inclined 
^^d i2 *°" V^^^^y fr®® from, friction, the velocity acquired 
at the termination of its descent, will be equal 
to that it would acquire in falling through the perpen- 
dicular height of the inclined plane. 

Fia. 28. Thus, the velocity acquired in rolling down the whole 

length of A B, Fig. 28, is equal to that it would acquire 
by felling down the perpendicular height A C. 

113. The great Italian philosopher Galileo, during the 
^P early part of the 17th century, had his attention directed, 
while in a church at Florence, to the swingbig of the 
chandeliers suspended from the lofty ceiling. He noticed that when they 
Hoir, and by ^^^^ moved from their natural position by any disturbing 
^^ndl^Im <^ *^*"^' ^^^ s^^"g backward and forward in a curve, for a 
covered r ^^^S *"»©, and with great uniformity, rising and fallmg alter- 

nately in opposite directions. His inquiry into the cause of 
thes3 motions led to the invention of the pendulum, the theory of which may 
be explained as follows : 

Explain the ^^^* ^^^ bodies will have their motion as much accelerated 

theory of the whilst descending a curve, as retarded whilst ascending. Let 
pendulum. A B be a curve, Fig. 29. If a 

ball be placed at C, the attraction of gravitation * 

will cause it to descend to A, and in so doing it 
will acquire velocity sufiScient to carry it to B, 
all opposing obstacles being removed, such as 
friction and resistance of the air. Gravitation 

3* 




\c 
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will once more bring it down to A ; it will then rise again to G, and so con- 
tinue to oscillate backward and forward. 

If we now suspend the ball by a string, or -pm 30 

wire, in such a manner that it will swing 
freelj, its motions will be the same as that j^ 

of the ball roUing upon the curve. A body 
thus suspended is called a PENDULUif. In 
Fig. 30, D 0, the part of the circle through 
which the pendulum moves, is called its arCj 
and the whole movement of the ball from D 
to is called an osciUaiion. 

How do the 115.Thetimesofthe 

SSuons V; vibrations of a pen- / * 

SSJe'lrtthSS" dulum, are very nearly ^^^ 

other? equal, whether it ^^^-^^ ^a^S; 

moves much or little ; or, in ^ b 

other words, through a greater, or less part of its arc. 

„ ,,, ,^ The reason that a large vibration is performed in the same 

Explain the ^ „ . ^i. ^ ., ; , 

reason of this tune as a small one, or, ijj other words, the reason the pendu- 

^^* lum always moves faster in proportion as its journey is longer, 

is, that in proportion as the arc described is more extended, the steeper are 

the decUvities through which it falls, and the more its motion is accelerated. 

Thus, if a pendulum, Fig. 30, begins its motion at D, the accelerating force is 

twice as great as when it is set free at b ; and if we take two pendulums of 

equal lengths, and liberate one at D aud another at & at the same time, they 

will arrive at the same moment at £. 

_ , ^. 116. This remarkable property of the pendulum enables us 

Hoir does this ^ , -x • i. i /.x- 

property of the to employ it as a register, or keeper of time. A pendulum of 

pendulum en- invariable length, and in the same location, will always make 

ister time? the same number of oscillations in the same time. Thus, if 

we arrange it so that it will oscillate once in a second, sixty 
of these oscillations will mark the lapse of a minute, and 3,600 an hour. 

A common clock is, therefore, merely an arrangement for 
moiTcio^?™" registering the number of oscillations which a pendulum 

makes, and at the same time of communicating to the pendu- 
lum, by means of a weight, an amount of motion sufficient to make up for 
what it is continually losing by friction on its points of support, and by the 
resistance of the air. 

The wheels of the clock turn round by the action of the weight, but they 
are so connected with the pendulum, that with every double oscillation a tooth 
of the last wheel is allowed to pass. If, now, this wheel has thirty teeth, as 
is common in clocks, it will turn round once for every sixty vibrations. And, 
if the axis of this wheel project through the dial-plate or &ce of a clock, with 
a hand fastened on it, this hand will be the second hand of the clock. The 
other wheels are so connected with the first, and the number of teeth so pro- 
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portioned, that the second pne turns sixty times slower than the first, and 
this will be the minute hand ; a third wheel moving twelve times slower than 
the last will constitute the hour hand. 

How does a "^ watch differe torn a dock in havmg a vibrating wheel in- 
vatch differ Stead of a vibrating penduiain. This wheel, called the halanee- 
froma dock? ^^^ ^ moved by a epring, which is always forcing it to a 
middle position of rest, but does not fix it there, because the velocity ao- 
YiQ. 31. quired during its approach from 

P u either side to the middle position, 

carries it just as far past on the 
other side, and the spring has to 
begin its work again. The hal- 
ance'tohed at each vibration allows 
•fie iffotk of the adjoining whed to 
pass, as ihe pendulum does hi a clock, and the record of the beats is pre- 
served by the wheels which follow, as already explained for the clock. 

Fig. 31 represents the arrangement used to keep up the motion in a watch. 
The barrel, or wheel A, incloses a spring, which, when compressed by wind- 
ing up, tends to liberate itself or unwind, in virtue of its elasticity. This 
efibrt to unwind, turns the barrel upon its axis, and thus, by means of a chaia 
coiled round it, motion is communicated to the other wheels of the watch. 

What inftu ^^'^' ^^® length of a pendulum influences 
te^ho" *en *^® *™® of its vibration ; the longer the pen- 
dulum on its dulum the slower are its vibrations. 

tion? The reason why long pendulums vibrate more slowly than 

short ones is, that in corresponding arcs, or paths, Itie ball of 
the long pendulum has a greater journey to perform, without having a steeper 
line of descent 

What \B the ^^^* ^^^® ^^^ * pendulum rod, Fig. 32, A D, having balls 

center of oscii- Upon it at C and D, and cause it to vibrate, the ball, B, being 
dttinm*?* ^° nearer to the point of suspension, will tend to perform 

its oscillations more quickly than the ball C. In like ^' 
manner, eveiy other point on the pendulum rod tends to complete its 9 
oscillations in a different time ; ^t as they are all connected together 
inflexibly, all are compelled to perform their oscillations in the same 
time. But the action of the portions of the rod near to the ball, B, 
is to accelerate the motion of the pendulum, and the action of the b Q 
portions of the rod near to the ball C, is to retard it ; therefore a point 
may be found where all these counteractions will balance one an- 
other, or be neutralized, and this point is termed the Center op Os- 
cillation, and the sum of the momenta of all the portions of the ^ A 
rod on each side of this point will balance. The center of oscillation 
does not correspond with the center of gravity, but is always a little 
below it ; the practical method of bringing them near together, is to 
make the rod lights and the termination of the pendulum heavy. ^^ 
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Why do clocks 
go faster in 
irinter thaa in 
summer ? 



How are the 
changes in the 
lengw of pen- 
dolums coun- 
teracted ? 



Fig. 33. 



119. As heat expands, and cold contracts 
all metals, a pendulum rod is longer in warm 
than in cold weather ; hence, clocks gain time 

in winter, and lose in the summer. 

As the smallest change in the length of a 
pendulum alters the rate of a clock, it is highly 
important, for the maintaining of uniform time, 
that the expansion and contraction of pendu- 
lums, caused by changes in temperature, 
should be counteracted. For this purpose various contriv- 
ances have been employed. The one most commonly em- 
ployed at the present time is the mercurial pendulum, which 
is constructed as follows : The pendulum rod, A B, Fig. 33, 
supports a glass jar, G- H, containing mercury, inclosed in a 
Bteel frame-work, F D E. When the weather is warm, the 
Fia. 34. ^^^^ ^^ ^^^ frame-work expand, and thus in- 
crease the length of the pendulum, and de- 
press the center of oscillation. But, at the 
same time, tho mercury contained in the jar also 
expands, and rises upward; and thus, by a 
proper adjustment, the center of oscillation is 
carried as far upward in one direction, as down- 
ward in the opposite direction, or the expansion 
in both directions is equal, and the vibrations 
of the pendulum remain unaltered. Another form of pendii- 
hini, called tho "gridiron pendulum," Fig. 34, is composed of 
rods of different metals, which expand unequally under the same 
changes of temperature, and, by counteraction, keep the length 
of the pendulum constant. 

120. As the force of gravity determines how 
long the pendulum shall be in falling down its 
arc, and the time also of its rising in the op- 
posite direction (since the ball of the pendu- 
lum, as already stated, may be considered as a body de- 
scending by its weight on a slope), it follows, that the time 
of vibration of a pendulum wiU vary as the attraction of 
gravity varies. 

The same pendulum will vibrate more slowly at the equa- 
tor than at the poles, because the attraction of gravitation is 
less powerful at the equator. Therefore a pendulum to vi- 
brate once in a second, must be shorter at the equator than 
at the poles. Corresponding results take place when a pen- 
dulum is carried to a mountain-top, away from the center of the earth, which 





How do the 
variations in 
the force of 
gravity affect 
the vibrations 
of a pendulum? 



Where win a 
pendulum of a 
given length 
vibrate slow- 
est, and where 
the fastest ? 



LAWS OF FALLING BODIES. 61 

is the center of attraction, or when carried to the bottom of a mine, where 
it is attracted both by matter above it and below it 

What is the 121. The length of a pendulum that will 
OTd?^**peiXl describe sixty oscillations in a minute, each 
^'*™* oscillation having the duration of a second, 

h, in the latitude of Greenwich, England, 39.1393 inches 
in length ; one to vibrate in half seconds must measure 
9.7848, or rather more than 9t inches. 

At the pole it would require to be somewhat longer ; at the equator some- 
what shorter. A pendulum that vibrated seconds at Paris, was found to re- 
quire lengthening .09 of an inch in order to perform its vibrations in the same 
time at Spitzbergen. 

How may the 122. Tho Icugth of a pendulum vibrating 
S^^^^^ud^ seconds being always invariable at the same 
i"?tenda?d*of place, siucc the attraction under the same 
measure? circumstanccs is always the same, it may be 

used as a standard of measure. 

This application has ah^ady been described under the section Weight (g 67). 

The duration of the oscillation of a pendulum is not affected by altermg the 
weight of the ball, since all bodies moving over the same space, under the 
influence of gravitation, acquire equal velocities. 

How do the 123. The lengths of different pendulums, 
dili?ml^bra^ vibratiug in unequal times, are to each other 
^^^^p^e? as the squares of the times of their vibration. 

Thus a pendulum, to vibrate once in two seconds, must 
have four times the length of one that vibrates once in one second ; to vibrate 
once in three seconds, it must have nine times the length, etc. — the duration 
of the oscillation being as the whole numbers, 

1, 2, 3, 4, 5, 6, 7, 8, 9. 
The length of the pendulum will be as their squares. 

1, 4, 9, 16, 25, 36, 49, 64, 81. 
A pendulum,- therefore, that will vibrate once in nine seconds, must have 
a length of 81 times greater than one vibrating once in one second. 

PRACTICAL PROBLEMS ON THE THEORY OF FALLING 
BODIES. 

1. A stone let fall from the top of a tower stnick the earth in two seconds ; how high 
was the tower ? ' '"^^ 

2. How far will a body acted upon by gravity alone, fall in ten seconds ? 

3. How deep is a well, into which a stone being dropped, reaches the surface of the 
water in two seconds, the depth of the water in the well being ten feet f 



62 WELLS'S NATURAL PHILOSOPHY. 

4. If a bodj be' projected downward with a reloeily of twentv-tiro feet in the first eeo- 
ond of time, how far will it faU in eight seconds t <r ty "^i 1 ^ 

The multiple In this case will be the distance fallen through in the first second. 

5. What space will a hodj pass through in the fourth second of its time of faUing Tf^^O 

6. A body falls to the ground in eight seconds ; how large a space did it pass over dur- . 
Ing the last second of its descent f ^^ ' 

7. A body falls from a height in eight seconds ; with what velocity did it strike the 
ground ? ' ' V 

6. A cannon-ball fired upward, continued to rise for nine seconds : jrhat was its velocity 
during the first second, or with what force was it projected? ^ \ ' ^ 

9. Suppose a bullet fired upward from a gun returned to the earth in sixteen seconds ; 
how high did it ascend ? 

The time occupied in ascending and descending being equal, the body rose to such a 
height that it required eight seconds to descend from it. The square of 8=64. This 
multiplied by the space it would fall in the first second, 16 feet = 924 feet 

10. A bird was shot while flying in the air, and fell to the ground in three seconds. 
How high up was the bird when it was shot f 

11. What must be the length of a pendulum to vibrate once in Seven seconds T ^ '• 

12. If the length of a pendulum to vibrate seconds at Washington is 39.101 inches^ how- 
long must it be to vibrate half seconds f How long to vibrate quarter seconds ? J-r" 



CHAPTER ¥• 

MOTION. 



What is Mo- 124. Motion is the act of changing place. 

^^ ? If no motion existed, the universe would be dead. There 

would be no alternation of the seasons, and of day and night ; no flow of 
water, or change of air ; no sound, light, heat, or animal existence. 

125. Motion is Absolute or Relative. 

What is Ab- . », . ^ /,.,.. 

solute and Rei- ABSOLUTE MOTION IS a Change 01 position in 

ative Motion? • i i 'ii i /• x 

space, considered without reference to any- 
other body. Relative Motion is motion considered in 
relation to some other body, which is either in motion or 
at rest. 

Thus the motions of the planets in space are examples of Absolute Motion, 
but the motion of a man sitting uppn the deck of a vessel, while sailing, is 
an example of Relative Motion, since he is in motion as respects the land, 
but at rest as regards the parts of the vessel. Rest, which is the opposite 
of motion, so far as we know, exists only relatively. "We say a body on the 
8ur&ce of the earth is at rest, when it maintains a constant position as re- 
gards some other body ; but at the same time that it is thus at rest, it partakes 
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of the motion of the earth, which is always revolving. "We do not, therefore, 
really know any body to be in a state of absolute rest 

Define Uni- 126. A moving body may have a Uniform 
SSe Motili" ^^ a Variable Motion. Uniform Motion is 
the motion of a body moving over equal 
spaces in eqnal times. Varuble Motion is the mo- 
tion of a body moving over unequal spaces in equal 
times. 

What is Ac- 127, When the spaces passed over in equal 
Start^-Mo^ times increase, the body is said to possess Ac- 
**'*''* celerated Motion ; when they diminish, the 

body is said to possess Retarded Motion. 

A stone fallmg through the air is an example of Accelerated Motion, since, 
acted upon by the force of gravity, its rate of motion constantly increases ; 
while the ascent of a stone projected from the hand, is an example of Re- 
tarded Motion, its upward motion continually decreasing. 

What ifl Power 128. Whcu a body commences to move from 
ISrof *®^^ a state of rest, we assign some force as the 
cause of its motion ; and a force acting in such 
a manner as 'to produce motion, is generally termed 
" Power/' On the contrary, a force acting in such a way 
as to retard a moving body, destroy its motion, or drive 
it in a contrary direction, is termed Resistance. The 
chief forces which tend to retard or destroy the motion of 
a body are Gravitation, Friction, and Resistance of 
THE Air. 

What is ve- 129. The speed, or rate, at which a body 
lodty? moves, is termed its Velocity. 

Moving bodies pass over their paths with different degrees of speed ; one 
may pass through ten feet in a second of time, and another through a hun- 
dred feet in the same* period. We say, therefore, that they have different 
velocities. 

The velocity of a moving body is estimated by the time it occupies in 
moving over a given space, or by the space passed over in a given time. Tho 
less the time and the greater the space moved over in that time, the greater 
the velocity. 

Hoir do we 130. To ascertain the Velocity of a mov- 
y^^ty J^l ing body, divide the space passed over by the 
moving body? ^Jjjjq consumcd in moving over it. 
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\ 
Thus, if a body moves 10 mUes in 2 hours, its velocity is found by di- 
viding the space, 10, by the time, 2 ; the answer, 6, gives the velocity per 
hour. 

How can we 131. To ascertain the Space passed over by 
S^M**^pasJJd ^ moving body, multiply the velocity by the 

over by a body f i yn f» 

Thus, if the velocity be 10 miles per hour, and the time 15 
hours, the space will be 10 multiplied by 15, or 150 miles. 

How is the 132. To ascertain the Time employed by a 

b^l biSdy^lS ^^J i^ motion, divide the space passed over 

j^wn ascer. Jjy the VClocity. 

Thus, if the space passed over be 150 miles, and the ve- 
locity 10 miles per hour, the whole time employed will be 150 divided by 
10=15 hours. 

What is Mo- 133. The Momentum of a body is its quan- 
mentum? ^j^y ^f motioD. Momentum expresses the 
force with which one body in motion would strike against 
another. 

That a mass of matter moving in any manner exerts a cer- 
^omentum^^ ^^ ^^^^ against any object with which it may come hi con- 
tact, is a principle of Natural Philosophy- which experience 
teaches us most frequently and most readily. The child has hardly emerged 
from the nurse's arras, before it becomes conscious of the force with which 
it would strilce the ground if it fell. We take advantage of momentum, or 
the force of a moving body, in almost all mechanical operations. The mov- 
ing mass of a hammer-head drives or forces in the nail, shapes the iron, breaks 
the stone ; the force of ajnoving mass of water gives strength to a torrent, 
and turns the wheel ; the force of a moving mass of air gives strength to the 
wind, carries the ship over the ocean, forces round the arms of a wind-mill. 

Is motion im- 134. Whcu a body is caused to move, the 
thr^VrticS motion is not imparted simultaneously to 
the*B^e^iS- ^^^^ particle of the body, but at first only to 
Btant? the particles which are directly exposed to the 

influence of the force — ^for instance, of a blow. From 
these particles, it spreads to the rest. 

„ A slight blow is sufficient to smash a whole pane of glass, 

illustrate this while a bullet from a guj;^will only make a small round hole 
^^^^^ in it, because, in the latter case, the particles of glass that re- 

ceive the blow are torn away from the remainder with such rapidity, that the 
motion imparted to them has no time to spread further. A door standing open, 
which would readily yield oif its hinges to a gentle push, is not moved by a 
cannon-ball passing through it. The ball, in passing through, overcomes the 
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whoh force of cohesion among the atoms of wood, but its force acts for so 
short a time, owing to its rapid passage, that it is not sufficient to affect the 
inertia of the door to an extent to produce motion. The cohesion of the part 
of the wood cut out by the ball would have borne a very great weight laid 
quietly upon it ; but supposing the ball to fly at the rate of 1200 feet in a 
second, and the door to be one inch thick, the cohesion being allowed to act 
for only the minute fraction of a second, its influence is not perceived. 

It is an effect of this same principle, that the iron head of a hammer may be 
driven down on its wooden h^dle, by striking the opposite end of the 
handle agsunst any hard substance with force and speed. In this very simple 
operation, the motion is propagated so suddenly through the wood of the ban* 
die, that it is over before it can reach the iron head, which therefore, by its 
own inertia, sinks lower on the handle at every blow, which drives the han- 
dle up. 

How is the Mo- 135. The Momentum, or force, which a mov- 
m^itam jf^^a jj^g ^^^jy excrts, is estimated by multiplying 
lated? i^g jjjg^gg qj. q^jaiitity of matter by its velocity. 

Thus, a body weighing 10 pounds, and moving with a velocity of 500 feet 
in a second, will have a momentum of (10X500) 5,000. 

What connec ^^' ^^® vclocity being the same, the mo- 
SSSreLn *^thl ^^^^^^^^ ^i moving force of a body, will be 
fbS^°S?it8 ^""^^^ly proportionate to the mass, or weight ; 
j^gjftandve- and thc mass or weight remaining the same, 
the momentum will be directly proportionate 
to the velocity. 

Thus, if 2 leaden balls, each of 5 pounds* weight, move with a velocity of 
5 miles per minute, the momentum, or striking force of each, will be 25 ; 
if now the two balls, molded into one of 10 pounds' weight, move with the 
same velocity of 6 miles per minute, the momentum, or striking force, will 
be 60, since with the same velocity the mass, or weight, will be doubled. I^ 
on the contrary, we double the Velocity, allowing the wBight to remain the 
same, t:;e same effect will be produced ; a ball of 5 pounds, with a velocity 
of 6, win have a momentum, or striking force, of 25 ; but a ball of 5, with a 
velocity of 10, will have a momentum of 50. 

How can a 137. A Small, or light body, may be made 
SJtiin'be^m^e *^ Strike with a greater force than a heavier 
Mme'fo^ceaSl ^^^7? ^7 gi^iDg to th6 Small body a sufficient 

large one? VClocity. 

Illustrations of these principles are most familiar. Hail-stones, of small 
mass and great velocity, strike with sufficient force to break glass, and de- 
stroy standing grain ; a ship of huge mass, moving with a scarcely percept- 
ible velocity, crushes in the side of the pier with which it comes in contact 
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SECTION I. / 

JLGTION AND REAOTIOIf. 



What is meant 



138. When a body communicates motion 
by"Aition'^d to another body, it loses as much of its own 

momentum, or force, as it gives to the other 
body. We apply the term Action to designate the power 
which a body in motion has to impart motion, or force, to 
another body ; and the term Eeaction to express the 
power which the body acted upon has of depriving the 
acting body of its- force, or motion. 

What ^ the 139- There is no motion, or action, in the 
ASioniSdite^ universe without a corresponding and oppo- 
action? gj^g action of equal amoimt ; or, in other words, 

Action and Reaction are always equal and opposed to 
each other. 

What are D- ^^ * porson presses the table with his finger, he feels a re- 
lustrations of sistance arising from the reaction of the table, and this coun- 
acUonf*"**^^ ter-pressure is equal and contrary to the downward pressure. 

When a cannon or gun is fired, the explosion of the powder 
which gives a forward motion to the ball, gives at the same time a backward 
motion, or " recoil," to the gun, A man in rowing a boat, drives the water 
astern with the same force that he impels the boat forward. 

Toirhatiathe ^^O. Thc quantity of motion in a body is 
SXon^in^ a Hieasured by the velocity and the quantity of 
ti^Ste?"^'" matter it contains. 

A cannon-ball of a thousand ounces, moving one foot per 
aeoond, has the same quantity of motion in it as a musket-bail of one ounce, 
leaving the gun with a velocity of a thousand feet per second. The momen- 
tum, or quantity of motion, in the musket-ball being, however, concentrated 
in a very small mass, the eflFect it will produce will be apparently much 
greater than that of the cannon-ball, whose motion is diffused through a very 
large mass. This explanation will enable us to imderstand some phenomena 
which at first appear to contradict the law, that action and reaction are always 
equal, and opposed to each other. 

Thus, when we fire *a bullet fix>m a gun, the gun recoils back with as much 
force as the bullet possesses, proceeding in an opposite direction. The reason 
the effects of the gun are not equally apparent with those of the ball, is that 
the motion of the gun i^ diffused through a great mass of matter, with a 
amall velocity, and is, therefore, easily checked ; but in the ball the motion 
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is concentrated in a very small compass, with a great velocity. A gun recoila 
more with a charge of fine shot, or sand, than with a huUet The explanation 
of this is, that with a ball the velocity is communicated to the whole mass 
at once, but with small ^ot, or sand, the velocity communicated by the ex- 
plosion to those particks of the substance immedicttely in contact toUh the powder, 
is greater than that received at the same instant by the outer particles; con- 
sequently, a larger proportion of explosive force acts momentarily in an oppo- 
site direction. 

Fig. 36. 





We have an illustration of this same principle, when we attempt to drive a 
nail into a board having no support beliind it, or not sufficiently thick to offer 
the necessary resistance to the moving force of the hammer, as is repre- 
sented in Pig. 36. The blows of the hammer will cause the board to unduly 
yield, and if strong enough, will break it, but will not drive in the nail. The 
object is attained by applying behind the board, as in Fig. 36, a block of wood, 

Fig. 36. 
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or metal, against which the blows of the hammer will be directed. By 
adopting this plan, however, no increased resistance is opposed to the blows 
of the hammer, the momentum, or moving force of which is equally imparted 
in both cases ; but in the first case, the momentum is received by the board 
alone, which, having Httle weight, is driven by it through so great a space 
as to produce considerable flexure, or even fracture ; but in the second case, 
the same momentum being shared between the board and the block behind it, 
will produce a flexure of the board as much less as the weight of the board 
and block applied to it together, is greater than the weight of the board alone. 
The same principle serves to explain a trick sometimes exhibited in 
feats of strength, where a man in a horizontal position, his legs and 
shoulders being supported, sustains a heavy anvil upon his chest, which 
is then struck by sledge-hammers^ The reason the exhibitor sustains no 
injury from the blows, is that the momentum of the sledge is distributed 
equally through the great mass of the anvil, and gives to the anvil a down- 
ward motion, just as much less than the motion of the sledge, as the mass of 
the sledge is less than the mass of the anvil Thus, if the weight of the an- 
vil be 100 times greater than the weight of the sledge, its downward motion 
upon the body of the exhibitor will be 100 times less than the motion with 
which the sledge strikes it, and the body of the exhibitor easily yielding to 
80 slight a movement, and also resisting it by means of the elasticity of the 
body, derived from its peculiar position, escapes without injury. 

When is the ^^l' When two bodies come in contact, the 
bidiS*"8Jid to collision is said to be direct, when a right line 
be direct? passing through their centers of gravity passes 
also through the point of contact. 

The center of gravity in such cases corresponds with the center of col- 
lision ; and if such a center come against an obstacle, the whole momentum 
of the body acts there, and is destroyed ; but if any other part hit, the body 
only loses a portion of its momentum, and revolves round the obstacle as a 
pivot, or center of motion. 

When two in- 142. When two non-elastic bodies, moving 
^melnto*cj>u ^^ oppositc diicctions, come into direct collision, 
SS'^^*'^' they will each lose an equal amount of mo- 
mentum. 

Hence, the momentum of both aftef contact, will be equal to the difference 
of the momenta of the two before contact, and the velocity after contact will 
be equal to the difference of the momenta divided by the whole quantity of 
matter. Let the quantity of matter in A be 2, and its velocity 12 ; its mo- 
mentum is, therefore, 24. Lot the quantity of matter in B be 4, its velocity 
3; its momentum will be 12. The momentum of the mass after contact, on 
the supposition they move in opposite directions and come in direct col- 
lision, will be the difference of the two momenta, or 12 ; and the velocity of 
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Explain the re- 
Bolts of the col 
lision of inelas- 
tic bodies. 



Fig. 37. 



To what will 
the shock of 
collision of two 
bodies coining 
in contact be 
equivalent? 



the mass will be its momentum diyided by the quantity of matter, or 12 di- 
vided by 6, which is 2* 

If two non-elastic bodies, as A and B, Fig. 37, be suspended from a fixed 
point, and the one be raised toward Y, and the other toward X, an equal 
amount, they will acquire an equal force, or momentum, in falling down the 

arc, provided their masses are equal ; 

And will by contact destroy each 

other's motion, and come to rest. 

If their momenta are unequal, they 
will, after contact move on together, in the direction 
of the body having the largest quantity of motion 
with a momentum equal to the difference of the 
momenta of the two before collision. 

143. The force of the 

shock produced by two x 

equal bodies coming ini^ 

contact with equal velocity, 
will be equal to the force which either, being at rest, would 
sustain, if struck by the other moving with double the 
velocity ; for reaction and action being equal, each of the 
two will sustain as much shock from reaction as from ac- 
tion; 

If a person running, come in contact with another who is 
standing, both receive a certain shock. If both be running 
at the same rate in opposite directions, the shock is doubled. 

In combats of pugOists, the most severe blows are 

those struck by fist against fistj for the force sustained 

by each in such cases, is equal to the sum of the 

forces exerted by the two arms. If two ships, mov- 
ing in contrary directions at the rate of 20 miles per 

hour, come in collision, the shock will be the same as 

if one of them, being at rest, were struck by the 

other, moving at 40 miles per hour. 

144. If we suspend two balls of 
some non-elastic substance, as clay or 
putty, by strings, so that they can 
move freely, and allow one of the 
balls to Ml upon the other at rest, it will communicate to 

it a part of its motion, and both balls, after collision, will move on together. 

* Tills whole subject, usually considered dry and uninteresting, will be found to possess 
a new interest, if the student will make himself a few simple experiments, by suspending 
leaden balls by the side of a graduated arc, as in Fig. 37, and allow them to fall under 
different conditions. The length of the arc through which they fall will be found to be 
•a exact measure of the force with which they will strike. 



niastrate this 
priaciple. 



Fig. 38. 



If one inelastic 
body comes in 
contact with 
another at rest, 
▼hat occurs ? 




70 



WELLS'S NATURAL PHILOSOPHY. 



The quantity of motion will remain unchanged, the one having gained aa 
much as the other has lost ; so that the two, if equal, will have half the ve- 
locity after collision that the moving one had when alone. Fig. 38 represents 
two balls of clay, E and D, non-elastic, of equal-weight, suspended by strings. 
If the ball D be raised and let fall against the ball E, a part of its motion will 
be communicated to E, and both together will move on to e d 
When two l^^- ^^ w® suspend two balls, A and B, Fig. 39, of some 

elastic bodies elastic substance, as ivory, and allow them to fall with equal 
cnrae into col- , ,.. ^, . ^ ,„ , 

li4on,whatoo- masses, and velocities from the pomts X and Y on the arc, 

they will not come to rest afler collision, but will recede 
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What occa- 
sions the dif- 
ference in the 
results of the 
collision of 
elastic and non- 
elastic bodies? 



cirs? 

from each other with the same velocity which each 
had before contact. 

The reason of this movement in 

highly elastic bodies, contrary to 

what takes place in non-elastio 

bodies, is this: the elastic sub- 

stances are compressed by the force 

of the shock, but instantly recover- 
ing their former shape in virtue of their elasticity, 
they spring back, as it were, and react, each giving 
to the other an impulse equal to the force which x y 

caused its compression. •^S^^?33^WSr3=?^^^^^ 

Suppose the baU A, however, to strike upon the ^a^f-pPV?^*^* 
ball B at rest ; then, after impact, A wiU remain at 

rest, but B will move on with the same velocity as A had at the moment of 
contact. In this case the reaction of elasticity causes the ball A to stop, and 
the ball B to move forward with the motion which A had at the instant of 
contact 



Fia. 40. 




OXOOOO 




The same &ct may be illustrated 
by suspending a number of elastic 
balls of equal weight, as represented 
in Fig. 40. If the ball H be drawn 
out a certain distance, and let .fall 
upon G-, the next in order, it will 
communicate its motion to G, and 
receive a reaction from it, which will 
destroy its own motion. But the 
ball B can not move without moving 
F; it will, therefore, communicate 



the motion it received from Gr to F, and receive from F a reaction which will 
stop its motion. In like manner, the motion and reaction are received by each 
of the balls E, D, C, B, A, until the last ball, K, is reached ; but there being 
no ball beyond K to act upon it, K will fly off as &r>.&om A, as H was 
drawn apart from G. 
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SECTION II. 



In what man- 
ner may a 
moving body 
Iw reflected ? 



What is the 
Angle of Inci- 
dence? 



What is the 
Angle of Be- 
flectionr 



BEFLECTED IfOTION. 

What is Re- 146, When any elastic body, as an ivory 
fleeted Motion f j^^jj^ -g thfown Bgainst a hard smooth surface, 
the reaction will cause it to rebound from such surface, 
and the motion it receives is called Reflected MoTioy. 

147. If the ball be projected perpendicu- 
larly, it will rebound in the same direction ; 
if it be projected obliquely, it will* rebound 

obliquely in an opposite direction, making the angle of 
incidence equal to the angle of reflection. 

148. The Angle of Incidence is the angle 
formed by the line of incidence with a perpen- 
dicular to any given surface. 

149. The Angle of Eeflection is the 
angle .formed by the line of reflection with a 
perpendicular to any given surface. 

Fig. 41. Thus, in Fig. 41, let B E be a smooth, flat 

surfhce. If the ball. A, be projected, or tlirown 
ji upon this surface, in the direction A C, it will 
rebound, or be reflected, in the direction F. 
In this case, the line A C is the line of inci- 
dence, and the angle A C D, which it makes 
with a perpendicular D C, is the angle of ind- 
denca In like manner the line F is the line 
of reflection, and the angle D C F the angle of 
reflection. If the ball be projected against the surfece, B C, in the direction 
D C, perpendicular to the surface, it will be reflected, or rebound back in the 
same straight line. 

150. The Angles of Incidence and Ee- 
flection are always equal to one another. 

Thus, in Fig. 41, the angles A C D and F C D are equal. 

151. An Angle is simply the inclination of 
the lines which meet each other in a point. 
The size of the angle depends upon the open- 
ing, or inclination, of the lines, and not upon their length. 




What propor- 
tion exists be- 
tween the all- 
ies of incidence 
and reflection ? 

What is an 
Angle, and up- 
on -what does 
its size depend? 
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', .^!?5* *^n: The skill of the player of billiards and baxratelle depends 
of the Game of ^pon ^is dexterous application of the principles of incident 
Billiards? ^^j reflected motion, which he has learned by long-continued 

experience, viz., that the angle of incidence is always equal to the anglo 
of reflection, and that action and reaction are equal and contrary. An illus- 
tration of the skillful reflection of billiard balls is given in Fig. 42, which rep- 
resents the top of a billiard-table. The ball, P, when struck by the stick, Q, 









Fig. 42. 
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is first directed in the line P 0, upon the ball P', in such a manner, that beuig 
reflected from it, it strikes the four sides of the table successively, at the points 
marked 0. and is finally reflected so as to strike the third ball, P". At each 
of the reflections from the ball P', and the four points on the side of the table, 
the angle of incidence is exactly equal to the angle of reflection, 

152. Imperfectly elastic bodies oppose the 
momentum of bodies in motion more perfectly 
than any others, in consequence of their yield- 
ing to the force of collision without reacting ; 
opposing a gradual resistance instead of q. sud- 
den one. 

Henoo a feather-bed, or a sack of wool, will stop a bullet much more ef- 
fectually than a plate of iron, from its deadtningj as it is popularly called, the 
force of the blow. 



perfectly elas- 
tic bodies pecu- 
liarly fitted to 
oppose and de- 
stroy moinen- 
tamf 



SECTION III. 



What is Sim 
pie Motion ? 



COMPOUND MOTION. 



153. A body acted upon by a single force, 
moves in a straight line, and in the direction 
of that force. Such motion is designated as Simple Mo- 
tion. 
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mnstrate Sim- ^ ^^^ floating upon the water is driven exactly south by 
pie Motion. a wind blowing south. A ball fired from a cannon takes the 
exact direction of the bore of the cannon, or of the force 
which impels it 

What is Com- 154. When a body is acted upon by two 
pound Motion? fo^^gg ^t the Same time, and in dififerent di- 
rections, as it can not move two ways at once, it takes a 
middle course between the two. Such motion is termed 
Compound Motion. 

What is the ^^^' ^*^® course in which a body, acted 
Sd^tJd n * "^V^^ ^J two or more forces, acting in different 
on hy tiro dircctious, will move, is called the Bssultant, 

forces caUear .i-i-ki.»-r^«. 

or the Resultmg Durection. 

Pi(j. 43. In Kg. 43, if a body, A, be acted upon 

at the same time by two forces, one of 
which would cause it to move in the di- 
I rection A Y, over the space A B, in one 
I second of time, and tho other cause it to 
move in the direction A X, over the space 
A 0, in one second; then the two forces, 
acting upon it at the same instant, will 
cause it to move in a Resultant Direction, 
^ A D, in one second. This direction is tho 
diagonal of a parallelogram, which has for its sides the Unes A B, A C, over 
which the body would move if acted upon by each of the forces separately. 
_. . 156. The operations of every-day life afford numerous exam- 

miliar Exam- ples of Resultant Motion. If we attempt to row a boat across 
£Tmo^?^ a rapid river, the boat will be subjected to action of two forces ; 
viz., the action of the oars, which tend to drive it across the 
river in a certain time, as ten minutes, in a straight line, as from A to B, Pig. 
43, and the action of the current, which tends to carry it down the stream a 
certain distance in the same time, as from A to C. It will, therefore, under 
the influence of both these forces, move diagonally across the river, or in the 
direction A D, and arrive at D at the expiration of the ten minutes. When 
we throw a body from the deck of a boat in motion, or from a railroad car. 
the body partakes of the motion of the boat or the car, and does not strike at 
the point intended, but is carried some distance beyond it For the same rea- 
son, in firing a rifle from the deck of a vessel moving rapidly, at some object 
at rest upon the bank, allowance must be made for the motion of the vessel, 
and aim directed behind the object 

,^ , ^ 157. The principles of the composition and 

What is the _ . % ,./v. « . 

Science of Pro- resolution of different forces acting upon a 
^ "^ body to produce motion, constitute the basis 
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What is a Pro- 
jectile? 



Fig. 44. 



of the Science of Projectiles, or that department of 
Natural Philosophy which considers the motion of bodies, 
thrown or driven by an impelling force above the surface 
of the earth. 

158. A Projectile is a body thrown into 
the air in any direction ; as a stone from the 

hand, or a ball from a gun, or cannon. 

Wh t is th dl- ^ ^® project a body perpendicularly downward, or upward, 
xeeiion of a it will move in a perpendicular line with a uniform accelerated 
Sanely r^ or retarded motion, since the force of gravity and that of pro- 
jection are in the same line of direction. But ifa body is 
thrown in a direction oblique to the perpendicular, it is acted tipon by two 
forces,* the projectile force which tends to impel it forward in a straight line, 
and the force of gravity, which tends to bring it to the earth. Instead, there- 
fore, of following the direction of the projectile force, the path of the body 
will be a curve, the resultant of the two forces. Sudi' a curve is called a 
Paiulbola. 

If a cannon-ball is fired firom A to- 
ward B, Fig. 44, in an upward direction, 
instead of moving along the line A ^, 
it is, by the influence of the earth's at- 
traction, continually drawn downward, 
and its path is along a line which is in- 
dicated by the parabolic curve A 0; 
and although it has been moving on* 
ward from the impulse it has received 
from the force of the gunpowder, it oc- 
cupies exactly the same time in falling 
to the point 0, as if the ball had been allowed to drop from the hand at A, 
and M to D. 

159. If a ball be projected from the mouth 
of a cannon in a horizontal direction, it will 
reach the earth in precisely the same time as 

a ball dropped from the mouth of the gun. The force 
of gravity is neither increased or diminished by the force 
of projection. 

The same fact may be strikingly illustrated by placing a number of marbles 
at unequal distances from the edge of a table and sweeping them off witii a 
ruler, or stick : those which are rolled along the farthest will be projected the 
&rthest; yet all will strike the floor at the same time. 

* The theoretical Ikwb goyeming the motion of projectiles, as herewith gireii, are in 
praetlee eswatially modified by the resistance of the air. 




What effect has 
■the projectile 
force on the 
action of grav- 
ity? 
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Wliat is ti 
Range of 
Pra|eetl]«r 



¥ia. 45. Sappose from the point A, Fig. 45, abont 240 feet 

above the earth, a ball to be projected in a peifectlj 
horizontal line, A B ; instead of traversing this line, 
it would, at the end of the first' second, be found 
that the ball had fallen 15 feet, at the same time it 
had moved onward in the direction of B. Its true 
position would be, therefore, at a; at the end of the 
second second, it would have passed onward, but 
have fallen to &, 60 feet below the horizontal line • 
and at the end of the third second, it would have 
fallen 135 feet bdow the line, and be at e; and thus 
it would move Ibrward and reach the earth at d 240 feet, in predaelj the same 
time it would have occupied in falling ih)m A to C. 

An oblique, or horizontal jet of water, is an p^Q^ 4^ 

instance of the curve described by a body act- 
ed upon by gravity and the force of projection. 
See Pig. 46. 

160. The Range of 
a projectile, is the 
horizontal distance to 
which it can be thrown. 

HO. can the 161. AcCOrding tO 

greatest when the angle 
of elevation is 45"" ; and is the same for elevations equally 
sihove and below 45° ; as for example 70° and 20°. See 
Fig. 47. 

Thead oonduaions are, however, fimnd to 
be eAentially modified in practice by the ^^^ ^*^- 

lesistaDoe of the air, which not only changes 
the path but the velocity of the projectile. 
With great velocities, as in the case of a 
cannon-ball, the greatest range corres- 
ponds with an elevation of about 30^, but 
for slow motions it is near 45^. 

162. The laws of 
projectiles are es- 
pecially regarded in / 
the art of gunnery. 
By knowing the force of the powder which drives the ball, 
the engineer is enabled to direct the cannon, or mortar, 
in such a manner as to cause the ball, or bomb, to fall 




How are the 
Law* of Pro- 
jectiles pntctil- 
calif applied 
lo military en- 
gineering? 




76 WELLS'S NATURAL PHILOSOPHY. 

Tipon a particular spot in the distance ; thus producing a 
desired effect without a wasteful expenditure of ammuni- 
tion. 

Fig. 48. 




Fig. 48 represents a bombardment, and the three lines indicate the curves 
made by the balls. If the bombardment had been conducted from an eleva- 
tion, instead of the level surface, the balls would have gone beyond the city, 
as shown by the j&miliar £ict, that we can throw a heavy body to a greater 
distance from an elevation, as the steep bank of a river, than on a plain, or 
level ground. It was on this principle that Napoleon bombarded Cadiz, at the 
distance of five miles, and from a greater elevation, the balls could have been 
thrown to a still greater distance.* 

• The following facts respecting the explosive force of gunpowder, and its application to 
projectiles, will be found interesting and instructive in this connection. The estimated 
force of gunpowder when exploded, is at least 14,750 poands upon every square inch of 
the surface which confines it Count Rumford showed, by his experiments made about 
60 years ago, that if the powder were placed in a close cavity, and the cavity two thirds 
filled, its diinensions being at the same time restricted, the force of explosion would ex- 
ceed 150,000 pounds upon the square inch. 

The force of gunpowder depends upon the fact, that when brought in contact with any 
ignited substance, it explodes with great violence. A vast quantity oigas^ or dcutttcfixdd^ 
is emitted, the sudden productum of which, at a high temperature^ is tiie cause of the 
violent eflFects which are produced. 

The resuion that gunpowder is manufactured in little grains, is that it may explode more 
quickly, by facilitating the passage of the flame among the particles. In the form of dast, 
the particles would be too compact. 

The velocity of balls impelled by gunpowder from a musket with a common charge, has 
been estimated at about 1,650 feet in a second of time, when first discharged. The utmost 
velocity that can be given to a cannon-ball is 2,000 feet per second, and this only at the 
moment of its leaving the gun. 

In order to increase the velocity from 1,650 to 2,000 feet, one half more powder is re- 
quired ; and even then, at a long shot, no advantage is gained, since, at the distance of 
600 yards, the greatest velocity that can be obtained is only 1,200 or 1,300 feet per second. 
Great charges of powder are, therefore, not only useless, but dangerous ; for, though they 
give little additional force to the ball, they hazard the lives of many by their liability to 
burst the gun. The velocity is greater with long than with short guns, because the influ- 
ence of the powder upon the ball is longer continued. 

The essential properties of a gun are to confine the elaetiefittid generated by the explo- 
sion of the powder as completely as possible, and to direct the course of the ball in a 
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According to the laws which govern the motion of project- 
^STlS^^ed ^^ ^* ^^ evident tliat a gun must be aimed, in order to hit 
to hit an ob- an object, in a direction above that of the object, more <Mr leas, 
^Sance*?^'^* according to the distance of the object and the fopoe of the 
charge. With an aim directed, as in Fig. 49, at the object^ 
the ball, moving in a curved path, must necessarily fall below it. 

straight, or rectilinear path. A rifle sends a ball more accurately than a mnsket, beeanaa 
the ball la in more accurate contact vith the sides of the barrel than In the case of a eom* 
inon mnsket The tpaee produced by the difigrenes c/ diameter between the ball and the 
Ixnre qf the gurij greatly diminiBhes the effect of the powder, by allowing a part of the 
elastic fluid to escape before the ball, and also permits the ball to deviate from a straight 
line. The peculiarity and superiority of the new rifle, called the *' UiviA rifle,** la to be 
found in the coostmction of the ball, which, by the act of firing, is made to fit completely 
the barrel, or bore, of the gun. This is aecompUahed by making the ball of an oblong 
shape and a cooieal point, with an opening in the base extending up for two thirds the 
length of the balL Into the opening of this internal cylinder there is placed a small eon' 
. cave section of fron, which the powder, at the moment of firing, forces into the leaden 
hatt with great power, spreading it open, and causing it to fit tightly to the cayity of the 
barrel in its course out, thus giving it a perfect direction. 

Cannon of different sizes are named according to the weight of the ball which they are 
capable of discharging. Thus, we have CS-pounders, 24-pounderB, IS-pounders, and the 
lighter field-pieces, from 4 to 18-pounders. The quantity of ponder generally used for 
discharging commoa iron or brass cannon, is one third the weight of the baU. In gen- 
eral warfisire, the effective distance at which artillery can be nsed is from 600 to 600 yards, 
or Arom a quarter to half a mile. At the battle of Waterloo, the brigades of artillery were 
stationed about half a mile from each other. Cannon-balls and shells can be tiirown 
with effect to the distance of a mile and a half to two miles. 

The distance to which a baU may be thrown by a 24-pounder, with aquantity of powder 
equal to two thirds the weight of the ball, is about four fniles. Its effective range is, how- 
ever, much less. Were the resistance of the air entirely removed, the same ball would 
be thrown to about five times tbat distance, or twenty miles. 

It has been found that, by the firing of an 18-pound shot into a butt, or target, made of 
beams of oak, when the chaises were 6 pounds of powder, Z pounds, 2^ pounds, and 1 
pound, the resiiective depths of the penetration were 42 inches, 80 inches, 38 inches, and 
15 inches ; and the velocities at which the balls fiew, were 1,600 feet tn a seeond^ 1,140 
feet, 1,024 /cee, and 666 feet. 

When the cannon is so pointed that the ball goes perfeefly straight toward the ol^eet 
idmed at, the direction is said to be point-blank. Ricochet firing is when the ball is dis* 
charged in such a manner that it goes bounding and skipping along the surface of the 
gronnd. In this way a ball can be thrown more effectively, and for a greater distance, 
than in any other way. 

There are several substances known to chemists which possess a greater ezplodvo 
power than gunpowder. It has not, however, been considered possible to increase the 
rang^ and effect of a projectile fired from a gun, or cannon, by using any of them. Sup- 
posing that the guns could be maA indefinitely strong, and the gunpowder indefinitely 
powerful, the point would soon be reached where the resistance which the air opposes to 
a body moving very rapidly would balance the force derived from the explosive compound, 
which drives the projectile forward. Beyond this point no increase of impulsive force 
would urge the projectile farther ; and this limit is considerably within the range of 
power that can be exercised by common gunpowder. Beside this, the strength of mate- 
rials of which guns are made is limited. Practical experience has fully demonstrated that 
the largest piece of ordnance which can be cast perfect, sound, and free from fiaws, is a 
mortar 13 inches dianneter; and even this weighs five tons. The French, at the siege of 
Antwerp, constructed a mortar having a bore of no less than 20 inches diameter, but It 
burst on the ninth time of firing. 
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Fig. 49. 




Until quite recently, the muskets placed in the hands of soldiers were uso- 
ally aimed so that the line of sight was parallel to the barrel, and directed to 
the object, as in Big 49. So long as the range of the musket was of limited 
extent, and great precision was not expected, the deviation of the ball frodi 
a straight line was not taken into account; but with the introduction of rifles 
tiirowtng a ball to a great distance, the drop of the ball occasioned bj the 
curvature of the path of the projectile, was found to deprive the weapon of 
the necessary precision. On all modem guns, therefore, a double sight is 
provided, by which the elevation necessary to secure accurate aim can always 
be given to the barrel This is exhibited in Fig. 50, where one of the aghts^ 
B, is fixed, in the usual manner, at one extremity of the barrel, while the 
other is located nearer the breach. This last sight is often graduated and 
provided with an adjustment, by which it can be adapted to objects at dip 
ferent distances, so as to hit them exactly. 

Fig. 50, 




What is cir- 163. Circular Motion is the motion pro- 
cmar Motion? ^ ^^qq^ fcy ^he revolutioii of a body about a 
central point. 
„ , ^. 164. Circular Motion is a species of com- 

Hoir Is Circa- . . _ . , , *^ , . , 

to Motion pro- pouud motiou, and is caused by the continued 
operation of two forces ; — one the force of 
projection, which gives the body motion, tends to cause 
it to move in a straight line ; while the other is continually 
deflecting it from a straight course toward a fixed point. 

IIlnBtrate the ^^ ^^ ^ illustrated hy the common sling, or by swinging 
production of a heavy body attached to a string round the head. The body, 
Ctreuiar Mo- |jj ^j^jg q^q^ moves through the influence of two forces, the 
force of projection, and the string which confines it to the 
hand. These two forces act at right angles to one another, and according to 
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the statements already made (§ I65X the path of the moving body will be a 
resoltant of the two forces, or the diagonal of a parallelogram. 

How then, it may be asked, does the body attached to the 
string and whirled round the head, move in a circle ? Tliis* 
will be clear, if we consider that a circle is made of an in> 
finite number of little straight lines (diagonals of parallelo- 
grams) and that the body moving in it, has its motion bent 
at every step of its progress by the action of the force which 
confines it to the hand. This force, however, only keeps it withm a certain 
distance, without drawing it nearer to the hand. The two forces exactly 
balancing each other, the course of the whirling body will be drcular. 

165. The two forces by which circular mo- 
tioii is produced, are called the Centbifugal* 
and Centripetal Forces.f 

166. The Centrifugal Force is that force 
which impels a body moving in a curve to 
move outward, or fly off from a center. 

167. The Centripetal Force is that force 
which draws a body moving in a curve toward 

the center, and assists it to move in a bent, orcurvelinear 
course. In Circular Motion the Centrifugal and Centri- 
petal Forces are equal, and constantly balance each other. 

If the Centrifiigal Jorce of a body revolving in a circular 
path b3 destroyed, the body will immediately approach the 
cent3r ; but if the Centripetal Force be destroyed, the body 
will fly off in a straight line, called a tangent 

Thus, in whirling a l)all attached by a string to the fin- 
•ger, the propelling force, or the force of projection, ia given by the hand, and 



Hoir may the 
earre of a dr- 
<de be consid- 
ered as eqaira- 
lent to the 
diagonal of jt 
panOlelogram f 



What are the 
two forces 
which produce 
Circular Mo- 
tion called 1 

What is Cen- 
trifugal Force? 



What is Cea- 
iripetal Force t 



What follows 
if the Centri- 
fugal or Cen- 
tripetal Forces 
are destroyed ? 



Fm. 51. 



the Centripetal Force is exhibited in the stretching, or 
tension of the string. If the string breaks in whirling, 
the Centripetal Force no longer acts, and the ball, by 
the action of the Centrifugal Force, generated by the 
whirling motion, flies off in a tangent, or straight line^ 
as is represented in Fig. 51. If, on the contrary, the 
whirling motion is too slow, the Centripetal Force pre- 
ponderates, and the ball falls in toward the finger. 
Familiar examples of the effects of Centrifugal Force 
are common in the experience of every-day life. 

«_ - The motion of mud flying fix>m the rim of a coach-wheel, 

mUiar iiiustra- moving rapidly, is an illustration of Centrifugal Force. Fig. 

fiSa Fowled' ^^ represents a coach-wheel throwing off mud ; a the point at 

which the mud flies off; ah, the straight line in which it 

• Centrifugal, compounded of center, and '*fugio,** to fly 0& 

t Centripetal, compounded of center and "peto^"^ to seek. 
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would move but for the action of the two forces, which compel it to follow 
the parabolic curve, a c. 

Fig. 62. 




Under what 
circamBtancec 
will the Cen- 
tiifagal Force 
overcome the 
Force of Cohe- 
sion? 



Fig. 53. 



The mud sticks to the wheeV in the first instance, thnmgh the force of ad- 
hesion ; but this force, being very weak, is overcome by the Centrifugal Force, 
and the particles of mud fly off. The particles which compose the wheel it- 
self would also fly off in the same mamner, were not the force of cohesion 
which holds them together stronger than the Centrifugal Force. 

The Centrifugal Force, liowever, increases with the velocity 
of revolution, so that if the velocity of the wheel were contin- 
ually increased, a point would at last be reached, when the 
Centrifugal Force would be more powerful than the force of 
cohesion, and the wheel would then fly in pieces. In this 
way almost all bodies can be broken by a sufficient rotative 
. velocity. Large wheels and grind- 
stones, revolving rapidly, not infre- 
quently break from this cause, and the 
pieces fly off with inmiense force and 
velocity. 

When we whirl a mop, the water 
flies off from it by the action of the 
Centrifugal Force. The fibers, or 
threads, which compose the mop, also 
tend to fly off, but being confined at 
one end, they are unable so to do. 
They, therefore, assume a spherical 
form, or shape. 

The feet that water ean be made to 
fly off from a mop, by the action of the 
Centrifugal Force produced by whirling 
it, has been most ingeniously applied 
in a machine for drying cloth, csdled 
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I^a. 54 



the hydro-extractor (water-extractor), Fig. 63. The machine conaistB of a 
lai^ hollow wheel, or cjlinder, A A, taming upon an axis, B. The odes 
and bottom of the wheel are pierced with holes like a 
sieve. The wet cloths being in and around the sidea^ 
A, the wheel is caused to revolve with great rapidity, and 
the water contained in the material, by the action of the 
Centrifuge Force^ flies out, and escapes through the 
apertores left in the sides of the wheel A rotation 
of 1500 times per minute, is sufficient to almost en- 
tirely dry the cloth, no matter how wet it may have been 
originally. 

When a bucket of water, attadied to a string, is 
whirled rapidly round, the water does not fall out when 
the mouth is presented downward, since the Centrifugal 
Force imparted to the water by rotation, tends to cause 
it to fly off firom the center, and this overcomes, or bal- 
ances, the attraction of gravitation, which tends to cause 
the water to fall out, or toward the center. Thus, in 
Fig 54, the water oontoined in the bucket which is up- 
side down, has no support under it, and if the bucket 
were kept still in its inverted position for a single mo- 
ment the water would &11 out by ite own weight, or, in 
other words^ by the attraction of gravitation, which rep- 
resents a Centripetal Force ; but the Centrifugal Force^ 
which is caused by the whirling of the bucket in the di* 
rection of the arrow, tends to drive the water out through 
the bottom and side of the vessel, and as this last force 
overcomes, or balances the other, the water retains its 
place, and not a drop is spilled. 

When a carriage is moved rapidly round a comer, it is 
very liable to be overtumed by the CentriAigal Force 
caQed into action. The inertia carries the body of the 
vehicle forward in the same line of direction, while the 
I wheels are suddenly pulled around by the horses into a 
new one. Thus a loaded stage mnning south, and sud- 
denly tumed to the east, throws out the luggage and 
passengers on the south side of the road. When railways form a rapid curve^ 
the outer rail is laid higher than the inner, in order to counteract the Centri- 
fc^al Force. 

An animal, or man, turning a comer rapidly, leans in toward the comer or 
center of the curve in which he is moving, in order to resist the action of 
the Centrifugal Force, which tends to throw him away from the center. 

In all equestrian feate exhibited in the circus, it will be observed that not 
only the horse, but the rider, inclines his body toward the center, Fig. 55, and 
according as the fi9)eed of the horse round the ring is increased, this indina- 
tion becomes more considerable. When the horse walks slowly round a large 
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ring this inelination of his body is imperceptible ; if he trot^ there is a viable 
inclination inward, and if he gallop^ he indines still more, and wh^i uiged to 
full speed he leans very far over on his side, and his feet will be heard to 
strike against the partition which defines the ring. The explanation of all 
this is, that the Centrifiigal Force caused by the rapid motion around the 
ring tends to throw the horse out o^ and away from, the circular ooorse^ tmd 
this he counteracts by leaning inward. 

Fig. 55. 




How do fho 

motions of the 
solar system il- 
lastrate the ao> 
tion of Centri- 
fugal and Cen- 
tripetal Forces ? 



The most magnificent exhibition of Centrifugal and Centri- 
petal Forces balancing each other, is to be found in the ar- 
rangements of the solar system. The earth and other planets 
are moving around a center — ^the sun, with immense veloci- 
ties, and are constantly tending to rush off" into space, by the 
action of the Centrifiigal Force. They are, however, restrained 
within exactly determined limits by the attraction of the sun, which acts 
as a centripetal power drawing them toward the center. 
What is the 168* The Axis of a body is the straight line, 
Axisof a body? ^^^ ^j. imaginary, passing through it, on which 
it revolves, or may revolve. 

169. When a body rotates upon an axis, all 
its parts revolve in equal times. The velocity 
of each particle of a revolving body increases 
with its perpendicular distance from the axis, 
and as its velocity increases, its Centrifugal Force in- 
creases. 

A moment's reflection vnll show, that a point on the outer part, or rim, of • 
a wheel, moves round the axis in the same time as a point nearer the center, 
as upon the hub. But the circle described by the revolution of the outer part 



Tfhen a body 
reTolres ronnd 
its Axis, what 

Secoliarities 
o its several 
parts exhibit? 
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What eflbct 
doeBtbeaetion 
of CoQtrif agal 
Force have up- 
«n the figure of 
a body? 
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of ISse wheel is mudi larger than that described by the inner part, and as 
both move round the center in the same time, the outer part must more with 
a greater velocity. 

170. If the particles of a rotating body have 
freedom of motion among themselves, a change 
in the figure of the body may be occasioned by 
the difference of the Centrifugal Force in the 
different parts. 
. A ball of soft day, with a wire for an axis, fi)rced through itscenter, if made 
to turn quickly, soon ceases to be a perfect ba^. It bulges out in the middle, 
vrhere the Centrifugal Force is, and becomes flattened toward the ends, or 
'Where the wire issues. 

This change in the form of ^ 
revolving bodies may be iUua- 
trated by an apparatus repre- 
sented in Fig. 56. This con- 
sists of an elastic ciide, or hoop, 
&stened at the lower side on a 
vertical shaft, while the upper 
side is free to mova On turn- 
ing the wheds, so arranged as 
to impart a very rapid motion 
to the shaft and hoop, the hoop 
will be observed to bulge out 
in the middle (owing to tbo; 
Centrifugal Force acting with 
greater intensity upon those parts furthest removed from the axis) and to be- 
come flattened at the ends. 

"Wh t* 1 th •^'■^' ''■^® ®^^ itself is an example of the operation of this 

cause of the force. Its diameter at the equator is about twenty-six miles 
5ftiw°e»£7* greater than its polar diameter. The earth is supposed to 
have assumed this form at the commencement of its revolu- 
tion, throu^ the action of the Centrifugal Force, while its particles were in a 
semi-fluid, or plastic state. In Fig. 5T we FiG.5t. 

have a representation of the general figure of 
the earth, in which N S is the polar diameter, 
and also the axis of rotation, and E W the 
equatorial diameter. 

i th ^^^* ^^ *^® equator the 

>moaiit of Cen- Centriftigal Force of a particle 
kripetal Force ^^ matter is l-290ths of its 
At the equator? ™ . ,. . • i 

gravity. This dmunisbes as 

we approadi the poles, where it becomes 0. 

If the earth revolved 17 times &ster than | 
it now does, or in 84 minutes instead (^ 24 
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7^'flalS^'lh^ hours, the Centrifugal Fotx» would be equal to the attraction 
r^odty ot TO- of gravitation, which may be considered as the Centripetal 
*t2S? ^ to? ^^^^^1 *°^ ®^ bodies at the earth's equator would be deprived 
oQued t of weighty since they would have as great a tendency to leave 

the surface of the earth as to descend toward its cent^. If 
the earth revolved on its axis in less time than 84 minutes, terrestrial gravita- 
tion would be completely overpowered, and all fluids and loose substances 
would fly from its surface. 

173. There appears to be a constant tendency to rotary 
motion in moving bodies free to turn upon their axes. 
The earth turns upon its axis, as it moves in its orbit ; a 
ball projected from a cannon, a rounded stone thrown from 
tKe hand, all revolve around their axes as they move. 

Fig. 58. This phenomenon may be very 

prettily illustrated by placing a 
watch-glass upon a smooth plate 
of glass, Fig. 58, moistened saf< 
ficiently to insure slight adhesion, 
and fixed at any angle. As it 
begins to move toward the bot- 
vjm of the indined plane, it will exhibit a revolving motion, which uniformly 
iacreases with the acceleration of its downward movement 



PRACTICAL 'QUBSTIONS AND PROBLEMS ON THE PRINCIPLES 
AND COMPOSITION OF MOTION. 

L The SDBTAOs of the xabth at the xqxjatob mores at the rate of about a iHonsAXD 
XiLn in an boub : vhy are men not sensible of this rapid movement of the earth f 

Because aU objects about the observer are moving in common with him. It 
18 the natural uniformity of the undisturbed motion which causes the earth 
and all the bodies moving together with it upon its suiiace to appear at 
rest 

2. How ean yon easily see that the kabth is in motion ? 

By looking at some object that is entirely tmconnected with it, as the sun 
or the stars. We are here, however, liable to the mistake that the sun or 
stars are in moti(Hi, and not we ourselves with the earth. 

3. Does the sun realty bisk and set each day? 

■" The sun maintams very nearly a constant position ; but the earth revolves^ 
and is constantly changing its position. BeaOy^ therefore^ ike sun neither rises 
nor sets, 

4. Why, to a pesson SAXUNd Sa a boat on a smooth stream, or ooxNe swirrLT in a 
OABBXAOB on a smooth road, do the trees or bnildings on the banks or roadside appear to 
Biofve in an <wpositb nixKTXONf 

The relative sUuaiion of the trees and buildings to the person, and to each 
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I 

I other, is actuaJIj changed by the motion of the observer ; bat the mind, in 

I judging of the real change in place by the difference in the position of the 

f objects observed, unconsciously confonnda the real and apparent motion. 

I 5. Why will a tallow candle fired from a gun pierce a board, or target, in the mno 

I maimer as a leadefn Imllet will, under tilie nune drenmstaaoeer 

j When a candle starts from the breach of a gmi, its motion is gradually in- 

creased, until it leaves the muzzle at a high velocity ; and when it reaches the 
board, or target, every particle of matter composing it is in a state of g^reat 
velocity. At the moment of contact, the particles of matter composing the 
target are at rest ; and as the density of the candle, mnltipUed by the velocity 
of its motion, is greater than the density of the target at rest^ the g^reater force 
. overcomes the weaker, and the candle breaks through and pierces a hole in 
the board. 

6. Why, with an enonnoos pressare and dow motion, can yoa not foree a candle 
thxoog^ a board ? 

Because the candle, on account of its slow motion, does not possess suffi- 
cient momentum to enable the density of its particles to overcome the greater 
density of the board ; consequently the candle itself is mashed, instead of 
piercing the board. 

1 7. Why will a large ship, moving toward a wharf with a motioo hardly pereeptfUe, 

crash witli great force a boat inteirening ? 

» Because the great mass and weight of the vessel compensates for its want 

of velocity. 

8. Why can a person safely s^te with great rapidity ever ice which would not bear 
bis weight standing quietly f 

Because time is required to produce a fracture of the ice; as soon as the 
weight of the skater begins to act upon any point, the ice, supported by the 
water, bends slowly under him ; but if the skater's velocity be great, he 
passes off from the spot which was loaded before the bending has reached 
the point at which the ice would break. 

9. A HKAVT COACH and a uear wack>n came In eoIUsion on the road. A suit for 
damages was brought by the proprietor of the vagon. How was it shown that oiraof the 
VEHXOLXB was moviog at an vksatb velocity ? 

On trial, the persons in the wagon deposed ihat (he shock, occasioned by 
coming in contact, was so greats that it threw them over (he head of their horse; 
and thus lost their case by proving that the faulty velocity was their own. 

10. Why did the faot that they were ibbowk oyer the head or tox hobsb by coming 
in contact with the coach, prove that their velocity was gbsatsb than it ought to have 
been? 

The coach stopped the wagon by contact with it, but the bodies of the per- 
sons in the wagon, havmg (he same vdocUy as (he wagoUj and not fastened to 
iiy continued to move on. Had the wagon moved slowly, the distance to which 
they would have been thrown would have been slight To cause them to 
be thrown as far as over the head of (he horse, would require a great vekxsity 
of motion. 
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IL When two pkbsons vnxxB their bxaim together, one being in Monosr and the oChev 
»t BEST, why are both equally hurt? 

Because, when bodies strike each other, action and reaction are equai; the 
head that is at rest returns the blow with equal force to the head that 
strikes. 

12. When «n elastic ball is thrown against the side of a house with a okbtaik vqbcb, 
whj does it rebound ? 

Because the side of the house resists the ball with the same foroe^ and the _ 
ball being elastio, rebounds, 

13. When the BAMX BALL is thrown against a PAin of QLAfls Willi the MonefoTCe, it goes 
through, breaking the glass ; whj does it not rebound as before 1 

Because the glass has not sufficient powor to resist the foU tbroeoftfaebaH: 
it destroys a part of the force of the ball, but the remainder continuing to act, 
the ball goes through, shattering the glass. 

14. Why did not the man succeed who undertook to make a faib wikd for his plbas* 
I7BX-BOAT, by erecting an xmmsnbje bsllows in tlie sibbv, and blowing against the *AfTJt ; 

Because the action of the stream of wind and the reaction of the sails were 
exaddy equal, and, consequently, the boat remained at rest 

15. If he had Uown in aoomnuBT dibbotiov from the sails, instead of against tliem, 
would Uie boat haire nored ? 

It would, with the same force that the air issued from the bellows-pipe. 

1<5. Why can not a kajt ndse himself orer a wssca by pulling upon the stbafs of liis 
? 



Because the aeti(m of the fi»ce exerted by tlie tnuseles of his arras is eoun* 
teracted by the reaction of the force, or, in other words^ the reeistanoe of his 
whole body, which tends to keep him dawn. 

17. Why do wateb-ooob ghw a sxhi-botabt motbhekt to fkee themselves frana 
water? 

Because in this way a cefnXrifugcd force is generated, whidi causes the diopa 
of water adherent to them to fly off. 

18. Why is the oocbsb of rivers rarely siBAiam, but SKBPsMniiBand wnmiKO t 
When, from any obstruction, the river is obliged to bend, the centrifugal 

force tends to throw away the waiter from the center, of (he cwrvaiwe^ so that 
when a bend has once commenced, it increases, and is soon followed by others. 
Thus, for instance, the water being thrown by any cause to the left side, it 
wears that part into a curve, or elbow, and, by its centrifrigal force, acts con- 
stantly on the outside of the bend, until the rock, or higher land, resists its 
gradual progress; from this limit, being thrown back again, it wears a similar 
bend to the right hand, and after that another to the left, and so on. 

19. A locomotive passes over a railroad, 200 miles in length, in 5 hours ; what is its 
velocity per hour ? 

20. If a bird, in flying, passes over a distance of 45 miles in an hour, what is its ve- 
locity per minute f 

21. The flash of a cannon three miles off was seen, and in 14 seconds afterward the 
sound was heard. How many feet did the sound travel in one second f 
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23. The ran ia OSmUBniis of milos from the Miik, and it reqniies 8} minatet for iU 
liglit to reach the earth ; with what velocity per second does light more t 

23. If a Teasel sail 90 miles a day for 8 days, how far wiU it sail hi that time ? 

24 A gentle wind is obserred to more 1 ,860 feet in 15 minutes ; how far would it more 
in 8 hours, allowing SsMOfeet to the mile? r y~ •.'!>,''*« > ' ' ' ' 

2fi. What diatanee would a Urd flying uniformly at the Telocity of W milea per hour, 
pass oTer in 12^ hours f 

26. Suppose Hgfat to moTe at the rate of 193,000 miles In a seeond of time, how long a 
time win elapse in the paaaage of Ught from the sun to the earth, the diatanee helng Q5 
milliona of mOeaf l^\0^l t As i'^'*^ ' ' ^ • • '^ 

27. What ia the momentum of a body weighing SS ponnda moTlng with the Telodty 
of 30 feet per second f 

28. A cannon-ball weighing 620 ponnda, atmek a wall with a Telocity of 45 feet per 

second : what waa ita momentum, or with what force did it atrifce ? T i '. \| \, 

29. A locomotiTe and train of eara weighing 180 tona (403,200 pounda), and moring at 
the rate of 40 miles per hour, came in oolliaion with another train weighing 160 tons, and 
moving at the rate of 25 miles per hour : what was the momentum, or force of collision t 

30. A stone thrown directly at an ol^ect fty>m a locomotiTe, moring at the rate of 8,680 
feet per minute, was 8 seconds in the air ; at what distance beyond the otdect did It 
Btrikef 






What affl fh6 



CHAPTER VI. 

APPLICATION OF FORCE. 

174. Thb principal agents from whence we 

S?lJl^ff*^ obtain power for practical purposes, are Men 
"*"^ and Animals, Water, Wind, Steam, and 

Gunpowder. 

The power of all these may be ultimately resolved into some 
grwrt i^ral *^^ ^^ "^'^ ^ '^® S'®*' natural forces, or primary sources of 
forces are thcae power, viz., vital force, producing muscular^nei^, or strength 
ag^^^ power j^ ^^^^^^^ ^ animals; gravitation, causing the flow of water; 
. heat and molecular forces, the agents producing the po^vr ex- 
hibited by wmd, steam, and gunpowder. 

Are th re aor Magnetism and electricity when called into action, and 
other agei^ta of ci^illary attraction, are also agents of power; but none of 
P*^®'' these are capable, as yet, of being used to any great extent 

for the production of motion. 

H iamn ^'^^' ^uscular energy in men and animals 

ur energy ex- IS exerted by means of the contraction of the 

fibers which constitute the muscles of the 
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body ; the bones of the body facilitate and direct the ap- 
plication of this force. 

Beasts of prey possess tho greatest amount of muscular power ; but some 
very small animals possess muscular power in prop(»tion to their bulk, in- 
comparably greater than the largest of the brute creation. A fLea, considered 
relatively to its size, is stronger than an elephant, or a lion. 

-, A man can exert his greatest active strength m pulling up- 

How can a man ,.-,. « m.i«i 

exert his great- Ward from his feet, because the strong muscles of the back, 
est strength ? ^^^ ^jj^g^ ^f ^^le upper and lower extremities, are then brought 
most advantageously into action. 

Tho comparative effect produced in the different methods of applying the 
force of a man, may be indicated as follows : in the action of turning a crank, 
or handle, his force may be represented by the number 17 ; in working a 
pump, by 20 ; in pulling downward, as in ringing a bell, by 39 j and in pull- 
ing upward from the feet, as in the action of rowing, by 41. 

What is the 1'76. The estimate of the uniform strength 
?SS^h*of a of 2-11 ordinary man, for the performance of or- 
man? dinary daily mechanical labor is, that he can 

raise a weight of 10 pounds to the height of 10 feet once 
in a second, and continue to do so for 10 hours in the 
day. 

What is the ■'■'^ '^* '^^® estimated strength of a horse is, 
estimated that hc cau raise a weight of 33,000 pounds 

strength of a i-i.i » /.• • oi 

horse, or a^ to the hciffht ot ouo foot lu a miuute. Such 

** horse-power r* /»/> • t^ t 

a measure of force is called a "horse- 
power.'' 

The strength of a horso is considorod to be equal to that of five men. The 
average strength which a horse can exert in drawing is about 1600 pounds. 

What is water. 178. Water-power is the power obtained 
power? ijy ^Yie action of water falling perpendicularly, 
or running down a slope, by the influence of gravity. 
What i/ the l'^9- When work is performed by any agent, 
^m^ring thl *liere is always a certain weight moved over a 
SSforaed™^ certain space, or a resistance overcome ;. the 
different forces? amouut of work performed, therefore, will de- 
pend on the weight, or resistance that is moved, and the 
space over which it is moved. For comparing different 
quantities of work, done by any force, it is necessary to 
have some standard ; and this standard is the power, or 
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labor, expended in raising a pound weight one foot high^ 
in opposition to gravity. 

HoTT is the ef- 180. The effcct produced by a moving power 
fa^?^we™cll is always expressed by a certain weight raised 
J*®*^^ a certain height. 

To find, therefore, the effect of a moving power, or to find the power ex- 
pended m performing a certain work, we have the following rule: — 

Hoir may the 181. Multiply thc Weight of the body moved 
S'in'woS'b^ 1^ pounds by the vertical space through which 
•*~'*»*°^^ it is moved. , 

Thus, for example, if a horse draw a loaded wagon, with a force hj which 
the traces are stretched to as great a degree as if 200 pounds "^ re suspended 
vertically from them, and if the horse thus acting draws the wagon over a 
space of 100 feet, the mechanical effect produced is said to he 200 pounds 
raised 100 feet ; or, what is the same thing, 20,000 pounds raised 1 foot 
When a horse draws a carriage, the work he performs is expended in over^ 
coming the resistance of friction of the road which opposes the motion of the 
carriage ; but friction increases and diminishes as the weight of the load in- 
creases or diminishes. The work performed will, therefore, be cstunated by 
multiplying the total resistance of finotion, as expressed in pounds, by the 
space over which the carriage is moved. 

niurtrate the ^^® following examples will illustrate how we are enabled, 
manner of ^ti- by the above rules, to calculate the amount of power required 
matingpowerf ^ perform a certain amount of work : — Suppose we wish to 
know the amount of horse-power required to lift 224 pounds of coal fix)m the 
bottom of a mine 600 feet deep. The weight, 224, multiplied into space 
moved over, 600 feet, equals 134,400, the amount of work to be performed 
each minute; a horse-power equals 33,000 pounds raised 1 foot per minute: 
therefore, 134,400-7-33,000=4.07, horse-power required.. If we wish to per- 
form the same work by a steam-engine, we would order an engine of 4.07 
horse-power, and the engine-builder, knowing the dimensions of the parts of 
an engine essential to give one horse-power, can build an engine capable of 
performing the requisite work. 

Again. Suppose a locomotive to move a train of cars, on a level, at the 
rate of 30 miles per hour, the whole weighing 25 Ions, with a constant re- 
sistance from friction of 200 pounds, what is the horse-power of the engine ? 
30 miles per hour equals 2,640 feet per minute ; this space multiplied by 200 

wunds, the resistance to be overcome, equals 528,000, the work to be done 
every minute; which, divided by 33,000 (one horse-power), equals 16, the 
horse-power of the locomotive. 

whatteaDy- 182. An instrument for measuring the rela- 
namometer? ^|^g strength of mcu and animals, and also of 
the force exerted hy machinery, is called a Dynamometeb. 
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p -g^ Kg. 59 represents one of the moA 

common fonns of the dynamometer, 
consisting of a band of steel, bent ia 
the middle^ so as to have a certain de- 
gree of jQezibility. To the expanded 
extremity of each limb is fixed an arc 
of iron, which passes freely through, an 
opening in the other Gmb, and terminates outside In a hook or ring. One of 
these arcs is graduated, and represents in pounds the force required pj^ ^j^^ 
to bring the two limbs nearer together. Thus, if a horse were pulling 
a rope attached to a body which he had to move^ we may imagine the 
rope to be cut at a certain point, and the two ends attached to the 
ends of the arcs, as represented in Fig. 59 ; the force of traction ex- 
erted by the animal would be seen by the greater or less bringing 
together of the ends of the instrument 

In another form of dynamometer, Fig..60, which is also used as a 
spring balance in weighing, the force is measured by the collapsing 
of a steel spring, contained within a cylindrical case. The construc- 
tion and operation of this instrument will be easily Understood from 
an examination of the figure. 

What is a M*. 183. A MACHINE is an instrument, or 
chine? apparatus, adapted to receive, distribute, 
and apply motion derived from some external force, 
in such a way as to produce a desired result. 

A steam-engine and a water-wheel are examples of machines* They re- 
ceive the power of steam in the one case, and the power of fiJlio^g water in 
the other, and apply it for locomotion, sawing, hammering, etc. 

Doweprodnee 184. A MACHINE cau not, uudcr any cir- 
nir of ^ m^ cumstances, create power, or increase the 
ehiDM? quantity of power, or force, applied to it. 

A machine will enable us to concentrate, or divide, any quantity of force 
which we may possess, but they no more increase the quantity of force applied 
than a mill-pond inoreases the quantity of water flowing in the stream.* 

Machines, in feet, do not increase an applied force, but th^ 
chines in reality diminish it, or, in other words, no machine ever transmits the 
diminiBh force? ^Jj^Jq amount of force imparted to it by the moving power; 
since a part of the power is necessarily expended in overcoming the inertia 
of matter, the friction of the machinery, and the resistance of the atmosphere. 

* " Poirer is always a product of nature. God has not voudisafed to man the means of 
its primary creation. He finds it ia the moyiog air and the rapid cataract ; in the hom- 
ing coal and the heaving tide. He transfers it from these to other bodies, and renders it 
the obedient servant of his ^11— the patient drndge which, in a thousand ways, adminis^ 
ters to his wants, his convenience, and his luxuries, and enables him to reserve his own 
energy for the higher purposes of the development of his mind and the expression of bis 
thoughts."— iV</. Henry. 
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U Perpetnml 185. PeRPKTUAL MoTION, OP the OODStPQC- 

S^^poSl ^^^ ^^ machines which shall produce power 
^«' sufficient to keep themselves in motion con- 

tinually, is, therefore, eiXK impossibility, since no combi- 
nation of machinery can create, or increase, the quantity 
of power' applied, or even preserve it without diminution. 
What ezuBpie ^ nature we have an example of ooDtintted and undimiif 
vf eontinoed ished motion in the revolution of the earth upon its axis, and 
wcLanatniiT ^^the planets around the sun. These bodies have been mov. 
ing with undiminished velocity for ages past, and, unless pre- 
vented by the agency which created them, will continue so to do for ages to come. 

How^dowode- ^^^* ^^ derive advantages from machines 
f^mnil^^^ in three different ways; 1st, from the addi- 
tions they make to human power ; 2d, from 
the economy they produce of human time ; 3d, fix)m the 
conversion of substances apparently worthless and com- 
mon into valuable products. 

Hov do DMi. 187. Machines make additions to human 
^ttons™*to power, because they enable us to use the 
boiiiAii powert power of uatuKil agents, as wind, water, steam. 
They also enable us to use animal power with greater ef- 
fect, as when we move an object easily with a lever, which 
we could not with the unaided hand. 
How do ma- 188. Machincs produce economy of human 
^Som^y^fhu. ^i^^j because they accomplish with rapidity 
man time? what would rcquiie the hand unaided much 
time to \yerform. 

A machine turns a gun-stock in a few minutes ; to shape it by^ hand would 
be the work of hours. 

189. Machines convert objects apparently 
chines convert worthlcss iuto Valuable products, because bv 

wortfaleM Ob- ,, . ^ ^ 7.7..% 

jects into V.U- theiT great powerj.economyj and rapidity of 
"* "* " actioriy they make it profitable to use objects 
for manufacturing purposes which it would be unprofit- 
able or impossible to use if they were to be manufactured 
by hand. 

Without machmes, iron could not be forged into shafts for gigantic engines ; 
fibeiB could not be twisted into cables; granite, in large masses, could not be 
transported firom the quarries. 
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Defin* Power, 190. lu machinery, we designate the mov- 
miSng Point, iog force as the Power ; the resistance to be 
SacSSl^. ^ overcome, whatever may be its nature, as the 
Weight ; and the part of the machine im- 
mediately appUed to the resistance to be overcome, as the 
Working Point. 

What iB the 191» The great general advantage that we 
Sd^nta^r'S obtain from machinery is, that it enables us 
machinery? ^^ cxchangc time and space for power. 

Thus, if a man could raise to a certaiii height two hundred pounds in one 
minute, with the utmost exertion of his strength, no arrangement of machinery 
could enable him unaided to raise 2,000 pounds in the same time. If he de- 
sired to elevate this weight, he would be obliged to divide it into ten equal 
parts, and rxuse each part separately, consuming ten times the time required 
for lifting 200 pounda The application of machinery would enable him to 
raise the whole mass at once, but would not decrease the time occupied in 
doing it, which would still be ten minutes. 

Again. A boy who can not exert a force of fifty pounds may, by means 
of a claw-hammer, draw out a nail wliich would support the weight of half a 
ton. It may seem that the use of the hammer in this case creates power, 
but it does not, since the hand of the boy is required to move through per- 
haps one foot of space to make the nail rise one qttoff-ter of an inch. But it has 
been already shown that the force of a small body moving with great velocity 
may equal the force of a large body with a slight velocity. On the same print 
ciple, the small weight, or power, exerted by the boy on the end of the ham^ 
mer handle, moving through a large space with an increased velocity, ac- 
quires sufficient momentum to overcome the g^eat resistance of the naiL 

In both of these examples space and time are exchanged for power. 
How Is them ^^^* '^^'^ mechanical force, or momentum, of a hody^ is as- 

chanical effect certained by multiplying its weight by the space through 
ofapower de- ^\j\q\^ jt moves in a given time, that is to say, by its velocity. 
The mechanical force, or momentum, of a power may also be 
found, by multiplying the power, or its equivalent weight, by its velocity. 

What is the 193. The power, multiplied by the space 
brium of "*iii through which it moves in a vertical direction, 
machines? jg ^^^^^ ^ ^^^ weight multiplied by the space 
through which it moves in a vertical direction. 
This is the general law which determines the equilibrium of all machines. 

194. The power will overcome the resistance 
conditions will of the wciffht, and motion will take place in, a 

motion take ,. ii i ••/» i 

place in a ma- machmc, whcu thc product ansing from the 
power multiplied by the space through which 
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it moves in a yertical direction, is greater than the pro- 
duct arising from the weight multiplied by the space 
through which it moves in a vertical direction. 
.^^ . Practical men express the principle of equilibrium in ma- 

hy the ex- chinery by saying " that what is gained in power is lost in 
E^*rained*'at *^™®'" ^^3, if a small power acts against a great resistance, 
the expense of the motion of the latter will be just as much slower than that ' 
^^^' of the power, as the resistance, or weighty is greater than the 

power ; or if one pound be required to overcome the resistance of two pounds, 
the one pound must move over two feet in the same time thftt the lesistanoe^ 
two pounds, requires to move over one. 

SECTION I. 

THE ELElfEKTS OF ICAOHINBRT. 

. 195. All machines, no matter how complex 
pir^'^^hinea and intricate their construction, may he re- 
"* duced to one or more of six simple machines, 

or elements, which we call the " Mechanical Powers." 
^ ^ 196. They are the Lever, the Wheel and 

Enumerate the 

■Ix elementary AXLB, tho PuLLET, the INCLINED PlANE, the 

machm c Hi _ _ 

Wedge, and the Screw. 

These mmple Machines may be further reduced to three — ^the lever, the 
pulley, and the inclined plane ; since the wheel and axle, the screw and the 
wedge, may be regarded as modifications of them. 

The name " mechanical powers" which has been applied to the six ele- 
mentary machines, is unfortunate, since it serves to convey an idea that they 
are really powers, when in foct they possess no power in themselves, and are 
only instruments for the application of power. 

What is a 197. A Lever consists of a solid har, straight 

^^^®'^ or bent, turning upon a pivot, prop, or axis. 

What are the 1^8. The Arms of the lever are those parts 

Anas of a Le- ^f ^]jg j^j^j. extending on each side of the 
axis. 

What is the 199. The Fulcrum, or prop, is the name 
Fuicmmf applied to the axis, or point of support. 

200. Levers are divided into three kinds, or 

kinds of levers classcs, accordiug to the position which the 

*" *" fulcrum has in relation to the power and the 

weight. 
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_^ ^ 201. In the first class the folcram is be- 

What are the , _ _ , • i , • i 

reiatiTe |K)ti- twecQ the power and the weight : in the sec- 
tions of the , , T n 1 . -I /. 1 

power, fulcrum ond class, the fulcram 18 at one end of the 
thethrel'kinds lever, and the weight is between the fulcrum 
and the power ; in the third class, the fulcrum 
is at one end of the lever, and the power is between the 
fulcrum and the weight. 

Fig. 61 represents the three daises of FiGk 61. 

levers, numbered in their order, 1, 2, 3. / r 

P is the power, W the weight, and F tho I ~ A | 

fulcrum. ^ I 

Wh,U .« ex. . ^ <'™^^" »!*"•* ^ P0^ . 

arables of le- elevate a stone, is an ex- ' ** 




first kind. In Fig. 62, ^^ 

which represents a lever of this class, a tt^w 

indicates the fhlcrum which suppports the g "^^r^ ^ ^ 

bar, h the power applied by the huid at I 

the end of the longest arm, and c the j/tr^ 

weight, or stone, raised at the end of the 

short arm. A poker applied to stir up the fhel of a grate is a lever of tiie 

first class, liie fulcrum being the 
^^^- 62. bars of the grate ; the break, or 

or handle of a pump, is also a fa- 
miliar exampla Scissors, pin- 
cers, etc., are composed of two 
levers of the first kind, the ful- 
crum being the joint, or pivot^ 
and the weight the re^tance 

of the substance to be cut, or seized. The power of the fiAgers is applied 

at the other end of the levers. 

What is the 202. A lever will be in equilibrium, when 
brhim^ 5^"^; the power and the weight are to each other 
lever? inversely as their distances from the fulcrum. 

Thus, if in a lever of tiie first class the power and the weight are equal, 
and are required to exactly balance each other, they must be placed at 
equal distances from the fulcrum. If the power is only half the weight, it 
must be at double the distance from the fulcrum; if one third of the 
weight, three times the distance. If we suppose, in Fig. 62, c to represent 
a weight of 300 pounds, placed two feet fi-om the fulcrum a, and 6 a power 
of 100 pounds placed six feet firom a^ then c and & will be in equilibrium, 
for (300X2)=(100X6). 

203. When the weight and lengths of the two axms 
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Widl^t, and 
the len^h of 
the arms of a 
lever being 
giTen, how we 
^nd theequir- 
aleiit power? 



What are ex- 
amples of le- 
vers of the 
Bec<Nid class? 




of a lever are given, the power requisite to 
balance the weight may be ascertained, by 
dividing the product of the weight multiplied 
into its distance from the fulcrum, by the dis- 
tance of the power from the fulcrum. 

204. Cork, or lemoo-squeezers, Fig. 63, are examples of 
the levers of the second dasa^ which have the fiilcrum at one 
end, and the weight, or resistance to be overcome, between 
the fulcrum and the power. An oar is a lever of the second 
daas, in which the reaction of the water against the Uade is the fulcrum, the 
Pxa. 63w ^^^'^ ^^^ weight, and the hand of 

the boatman the power. A door 
moved on its hinges is another 
example. A whfeel-barrow is a 
lever of the second classy the ful- 
crum being the point at which the 
wheel presses upon the ground^ 
the barrow and its load the weighty 
and the bands the power. Nut- 
crackers are two levers of the second class, the hinge which unites them being 
the fulcrum, the resistance of the shell placed between them the weight, and 
the hand the power. 

What are ex- ^^^' ^ P^"* of sugar-tongs rep- 

ampiea of le- resents a lever of the third class, 
Srd cUsa?^* in which the power is applied be- 
tween the fulcrum and the resist* 
ance, or weight. In i%. 64, the fulcrum iaaXa, 
the resistance is the piece of sugar to be lifted at 
5, and the power is the fingers applied at c 
When a man raises a ladder agamst a wall, he 
employs a lever of the third class ; the fulcrum 
being the foot of the ladder resting upon the 
ground, the power being the hands applied to 
raise it, and the resistance being the weight of the ladder. 

206. In levers of the third class, the power, 
being between the fulcrum and the weight, 
will be at a less distance from the fulcrum than 
the weight ; and, consequently, in this form 

of lever the power must be always greater than the 

weight. 

Thus ^ No. 3, Fig. 61), if the length from the point where the weight, W, 
is suspended to F be three times the length of P F, then a weight of 100 
pounds saq[>ended at W will require a power of 300 aj^tied at P to sustain it 



Fia.64. 




What is the re- 
lation between 
the power and 
khe weight in 
levers of the 
third dasa? 
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Owing to its mechanical disadvantages, this class of levers 
SreumstawMs* ^^ rarely used, except where a quick motion is required, rather 
do we employ than great force. The most striking examples of levers of the 
tM?"d^?^* third class are found in the animal kingdom. The Hmbs of 
animals are generally levers of this description. The socket 
of the bone, a, Fig. 65, is the fulcrum ; a strong muscle attached to the bone 

near the socket, c, and extend- 
^®' ing to eZ, is the power; and the 

weight of the limb, together 
with whatever resistance, w, is 
opposed to its motion, is the 
weight A very slight con- 
traction of the muscle in this 
case gives considerable motion 
to the limb. 

The leg and claws of a butL, 
are examples of the third class 
of levers, the whole arrange- 
ment being admirably adapted to the wants of the annual When a bird rests 
upon a perch, its body constitutes the weight, the muscles of the leg the 
power, and the perch the fulcruuL Now, the greater the weight of the body, 
the more strain it exerts upon the muscles of the claws, which, in turn, grasp 
the perch more firmly: consequently, a bird sits upon its perch with the 
greatest ease, and never falls off in sleepuig, since the weight of the body is 
instrumental m sustaining it 

207. A Compound Lever is a combiDation 

compounaLe- of scveral simple levers, so arranged that the 

shorter arm of one may act upon the longer 

arm of another. In this way, the power of a small force 

in overcoming a large resistance is greatly multiplied. 

FlO. 66. 




(5 ^1 

An arrangement of compound levers is shown in Fig. 66. Here, by means 
of three simple levers, 1 pound may be made to balance 1000; for if the long 
arm of each of the levers is ten times the length of the short one, 1 pound 
at the end of the first one will exert a force of 10 pounds upon the end of the 
second one, which will in turn exert ten times that amount, or 100 pounds, 
upon the end of the third one, which will balance ten times that amount, or 
1000 pounds, at the other extremity. 
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What an fhe 
diaadyantages 
of aeompound 
torer? 



I>eaeribe the 
common steel- 
yard. 



208. The disadvantage of a compound lever 
18; that its exercise is limited to a very small 
space. 

209. The different varieties of weighing machines are varie- 
laes or combinations of levers. The common steel-yard is a 
lever of unequal arms, belonging to the first class. It consists 

of a bar (Fig. 6*7) marked with notches to indicate pounds and ounces, and a 
weight whidi is movable along the notche& The bar is furnished with three 
hooks, or rings^ on the largest of which the article to be weighed is always 
hung. The other hooks serve to support the instrument when it is in use, 
and the pivot by which they are attached to the bar serves as the fhlcniffl. 
The weight, Q, sliding upon the bar, balances the artide, P, which is to be 
weighed, it being evident that a pound weight at D will balance as manj 
pounds at P as the distance A G is contained in the space D G. 



YlQ* ^1, 




It may happen that when the weight Q is moved to the last notch upon the 
bar B C, that tiie artide P will still preponderate. In this case, the steel-yard 
is held by the hook or ring nearer to A, which hangs down in the figure, and 
the steel-yard turned over, it being furnished with two sets of notches on 
opposite sides of the bar. By this means the distance of P, the article weighed, 
from the fulcrum is diminished, and the weight Q, at the given distance upon 
the opposite side of the fulcrum, will balance a proportionally greater resist- 
ance, or weight 

Describe the ^^^* "^^ ordinary balance is a lever of the first dass, with 
ordinary bal- equal arms, in which the power and the weight are neces- 
****** sarily equal. Fig. 68 shows the common form. The flilcrum 

or axis, is made wedge like, with a sharp knife-like edge, and rests upon a 
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Pig. 68. surfece of hardened sted, or 

agate, in order that the beam 
may turn eaaUy. The scale- 
pans are suspended by chains 
from points precisely at equal 
distances from the fulcrum, 
and being themselves adjusted 
so as to have precisely equal 
weights, the two sides will perfectly balance when the pans are empty. 

211. If the two arms of a scale-beam be not of perfectly 
equal length, a smaller weight at the end of the larger ami 
will balance a greater weight at the end of the shorter. An 
excess of half an mch in the length of the arm of the beam, 
to which merchandise is attached, where the arm should be 
eight inches long, would cheat the buyer exactly one ounce in every pound: 
This fraud, if suspected, might be detected instantly, by transposmg the 
weight and the article balanced; the hghtest would then be at the end of 
the short arm, and would appear lighter than it actually is. 

Fig. 69. 



Under what 
circumBtances 
will a balance 
Indicate false 
Weights ? 




What is the 
constmcUon 
of platform 



platf 



212. Platform scales, and scales intended 
for weighing hay, etc., are usually compound 
levers, and are constructed in very various 
forms, but all depend on the principles above explained. 
Fig. 69 represents one of the varieties, and Fig. 70 a sec- 

Fio. TO. 
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the ntiUty of 
the levari 



tion of the same, showing the arrangement and combination 
of the levers. 

„^ ^ . 213. When a lever is applied to raise a -weieht or overcome 

What cireom- . . ^, ^, *^ , , . , . . 

stances limit & resistance, the space through which it acts at any one time 

is small, and the work must be accomplished bj a suooeasion 

of short and intermitting efforts. These circumstances, there- 

£}re^ limit the utility of the common lever, and restrict its use to those cases 

only in which weights are required to be raised through small spaces. 

Ho is ti . ^^^ When, however, a continuous motion is required, as in 

nous motion raising ore from a mine, or m lifting the anchor of a ship^ 

obtained? j^ order to remove the intermitting action of the lever, and 

render it continual, we employ the simple machine known as the wheel and 

axle^ which is only another form of the lever, in which the power is made to 

act without intermission. 

215. The form of the simple machine de- 
sad nominated the Wheel and Axle, consists of 
a cylinder, termed an axle, revolving on an 
axis, and having a wheel of larger diameter immovably at- 
tached to it, so that the two revolve with a common motion. 



What 
Wheel 
Axle? 



Describe the 
action of the 
wheel and 
axle. 



Fia. 11. 




In Fig. 71, A represents 
the axle with a wheel im- 
movably attached to it, and i «kt 
the wheel turning oh pivots j^ 
inserted into the ends of the axle. Around ^ 
this axle is wound a rope, to which is at- 
tached the wei^t W, and aroimd the wheel 
is another rope, to which the power, P, is 
affiled. It is evident that one turn of the 
wheel will unwind as much more rope from 
the wheel than it winds on the axle, as its 
circumference is greater. The power, P, will therefore pass over a much groater 
space than the weight W. The weight on the axle, which may be considered 
as acting on the short arm of a lever which is the radius* .of the axle, may 
be much heavier than the power which acts at the long arm of a lever, whici 
is the radius of the wheeL 

Henoe the advantage gamed in the wheel and axle is equal to the number 
of times that the radius of the axle is contained in the radius of the wheel, 
tid to estimate the mechanical advantage gained by the wheel and axle, we 
ave the following rule : 

row do we 216. The power is to the weight, as the 
idvantage of diamctcr of the wheel is to the diameter of 

he wheel and xi,^ ^^i 

zief the axle. 

* The radios of a wheel, or cylinder, it its semi-uiKameter, or- a Mne drawn from ^ Q9iv» 
ter to its circumference, The spoke of a (aurrjage whee\ repre6«»ta |t» rad^iu. 
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Fig. 72 represents a section of the wheel and axle, showing the radios 
of the axle, b c, and the radios of the wheel, a c. The two being in a 



FiQ. 72. 




straight line, the weights hanging in opposition are 
always as if they were connected by a horizontal lever, 
a cbf toming on a folcnim at c. If the radios of the 
wheel, or the length of the longer arm of the lever, a c, 
be 24 inches, and the radios of the axle, or the length 
of the shorter arm, c 6, be 3 inches, then the advantage 
gained woold be 24-f-3=8, and a power of 100 poonda 
applied to the wheel woold balance a weight of 800 ap- 
plied to the axle. 

jj ^^ ^ 217. The methods of applying power 

ply power in in the Wheel and axle are very variooa, 
iSdeT**^ "^ ^* ^^^ ^^°^ essential that the power should be applied by a 
rope. The axle is sometimes placed in a vertical or opright 
positiDn,*snd the power applied by means of levers, or bars, inserted into holes 
Fia. 73. in one end of the axle. A capstan of a ship, Fig. 

73, is an example of this. 

In the windlass, a handle, or winch, is sub- 
stituted in the place of a wheel. (See Fig. 74.) 
In this case, the advantage gained is equal to 
the number of times that the length of handle is 
greater than the radios of the axle. Thus, if the 
handle is 20 inches and the radius of the axle 
is 2 inches, then the advantage would be 10, and 
a power of 50 pounds applied at ihe handle would 
just raise a weight of 10 times 50, or 500 pounds. 

When a weight, or resistance, of comparatively great amount is to be raised 
by a very small power, by means of the simple wheel and axle, either of two 
inconveniences would ensue ; either the diameter of the axle would become 
too small to support the weight, or the diameter of the wheel would become 
so great as to be unwieldy. This has been remedied by a very simple ar- 
Fia. 74. rangement, called the double axle, Fig. 74. 

The axle of the windlass here consists of 
two parts of unequal diameters, and the* 
/ fit I if 11 } l \ ^^V^ winds around them in different direc- 

*^ m ■ V / llvT tions ; therefore, every turn of the wind- 

lass, or handle, winds up a portion equal 
to the circumference of the one, but un- 
winds a portion equal to the circumference 
of the other, and if the two be nearly equal, 
the weight moves very slow. If the weight 
rise 1 inch while the handle describes 100 
inches, 1 pound at ^e handle will balance 100 attached to the rope. 

In this arrangement space and time are exchanged for power in a most 
convenient manner. 
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combinatioii 
of wheels? 



When great power is reqmred, wheels and axles may be combined to- 

getiier in a manner similar to that of the compound lever already explained 

(§ 207). By such a combination we gain the advantage of using a very large 

wheef with a small axle, without their inconveniences. 

..„ ^ . ^^ 218. The most frequent method of transmitting motion 

What is the . ^ ,_. ^. i. , , . . xi . .. 

most freqnent through a combination of wheels, is by the construction of 

^^*^'^ teeth upon their circumference, so that the teeth of each 

motion throagh .wheel fallmg between those of the other, the one necessarily 
pushes forward the other. When teeth are thus affixed to 
the circumference of a wheel, they are termed coga; upon an 
axle, they are termed leaves^ while the axle itself is called a pinion. 

Fig. 16 represents a combination 
of wheels and axles for the trans- 
mission of power. If the teeth on 
the axle of the wheel c act on six 
times the number of teeth on the 
drcumference of the second wheel, 
the second will turn only once for 
every six turns of the first In the 
same manner the second wheel, by 
turning six times, turns the thiid 
wheel once; consequently, if the proportion between the wheels and their 
axles be preserved in all three, the third turns once, the second six times, 
and the first thirty-six times. Now, as the wheel and axle act in all respects 
like a simple lever, and a combination of wheels and axles as a combina- 
tion of levers, there is no difficulty in understanding how a mechanical ad- 
vantage is gained by this contrivance. The power is to the weight as the 
product of the diameter of all the axles is to the product of the diameter of 
all the wheel& Thus, if the diameter of all the axles be expressed by the 
numbers 2, 3, and 4, and the diameters of the wheels, c,/, and g, be expressed 
by the numbers 20, 25, and 30, then power will be to the weight as 2X3 X 
4=24, is to 20X26X30=15,000 ;— or a power of 24 at the first wheel will 
balance 15,000 at the axle of the last wheel 

219. One of the most familiar instances of combined wheel- 
work is exhibited in clocks and watches. One turn of the axlo 
on which the watch-key is fixed, is rendered equivalent, by a 
trsun of wheel-work, to about 400 turns, or beats, of the bal 
ance-wheel ; and thus the exertion, during a few seconds, of 
the hand which winds up, gives motion for twenty-four, or thirty homs. By 




What are fa- 
miliar illustra- 
tiona of com- 
pound wheel- 
work r 



Fia. 77. 



Fia 76. increasing the number of wheels, 

^ time-pieces are made which go for 

a year, or a greater length of time. 

Wheels may be connected and i 
motion communicated from one 
the other, by bands, or belts, as well 
as by teeth. This principle is seen in the spinning-wheel and common 
turning-lathe. A spmning-wheel, as a c, Fig. 76, of thirty inches in circum- 




le. ^ X 

roll ^ — ^ 
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Fig. is. 



ferenoe, turns by its band a smaller wheel, or spludle, 6, of half an inch, sixty 
times for every revolution of a c. 

When the wheel is intended to revolve in the same direction with the one 

from which it receives its motion, the band is attached as in Fig. 76^, but 

when it is to revolve in a contrary direction, the band is crossed, as in Fig. 77. 

In many wheels power is communicated by means of a weight implied to 

the circumference. 

In the tread-mill (Fig. 78) a number of persons 
stepping upon the circumference of a wheel cause 
it to revolve. Similar machines are often adopted in 
ferry-boats, moved by horses, and called "horse- 
boats." 

In most water-wheels, power is obtained by the 
action of water applied to the circumference of the 
wheel, which is caused to revolve, either through the 
weight, or pressure of the iiftiter, or by both conjointly. 

. The Pulley is a small wheel fixed in 
a block, and turning on an axis, by means of 
a cord, which runs in a groove formed on the edge of the 
wheel. 




This ample machine is represented in Fig. 79. 



Fia. »9. 



How many 
kinds of pal- 
leys are there ? 

What is a fix- 
ed pulley ? 



Describe the 
working and 
advantage of 
the fixed palley. 

Fig. 80. 




220. Pulleys are of two kinds ; 
— fixed and movable, 

221. By a fixed pulley we 
mean one that merely revolves 

on its axis, but does not change its place. 

Figs. 79 and 80 are illustrations of fized 

pulleys. In Fig. 80, C is a small wheel turning upon its 

axis, around which a cord passes, haying at one end the 

power P, and at the other, the resistance, or weight, W. It 

is evident that by pullmg the cord at P, the weight, W, must 

>^ "V. ascend as much and as fast as the cord is drawn down 

/ I As, therefore, the power and the weight move with the 

same velocity, it is dear that they balance one another, 

and that no mechanical advantage is gained. 

In all the applications of power there are always some 
* directions in which it may be exerted to greater advan- 
tage and convenience than others; and in many cases 
the power is capable of actmg in only one particular di- 
rection. Any arrangement of machinery, therefore, which 
will enable us to render power more available, by apply- 
ing it in the most advantageous direction, is as convenient 
and valuable as one which enables a small power to balance or overcome a 
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great weight. Tlius, if we wish to apply the strength of a horse to lift a 
heavy weight to the top of a building, we should find it a difficult matter to 
acoomplish directly, since the horse exerts his 
strength mainly, and to the best advantage, in 
drawing horizontally ; but by changing the di- 
rection of the power of the horse, by an ar- 
rangement of fixed pulleys, as is represented 
in Fig. 81, the weight is lifted most readily, 
* and the horse exerts his power to the best ad- 

vsmtage. 

223. A fixed pulley is most 

SSi wtt«- ^^ ^""^ changing the direc- 
tions of fixed tion of power, and for apply- 



^ulleys? 



ing power advantageously. 





By it a man standing on the ground can raise 
a weight to the top of a building. A curtain, a flag, or a saO, can be readily 
raised to an elevation by a fixed pulley, without ascending with it, by draw- 
ing down a cord runnmg over the pulley. 

whatuamoT- 224 A MovABLB PuLLEY differs from a 
abiepuuey? £^6(1 pullcj in being attached to the weight ; 
it therefore rises and falls with the weight. 

Fig. 82 represents a movable pulley, B, associated, as it FiG. 82. 
most commonly is, with a fixed pulley, C. The movable pulley, 
B, is often called a " Runner." 

225, In the fixed pulley, Fig. 80, it will be 
^S^SSnl^ readay seen that to move the weight, W, at P[ 
by the use of a one end of the cord, passing over the pulley, a 
movable pul- gj.gatgp weight must be applied at P, for if P 
is only equal to W, they will balance one an- 
ol^er. Jf, however, we fasten one end of the cord to a fixed support, as at 
F, Fig. 82, and pass it under the groove in the movable pulley B, to which 
the weight, "W, we desire to raise is attached, and then carry it over the fixed 
pulley C, we may lift a force of 100 pounds at W by an application of 50 
poimds at P. To understand this, we must remember that the weight W is 
supported by .the cords B F and B C on each side of the movable pulley B; 
and as each are equally stretched, the weight must be equally divided be- 
tween them ; or, in other words, the point of support, F, sustains half the 
weight, and the power, P, the other half. A person, therefore, pulling at P, 
will raise the weight by exerting a force equal to its half. But the cord at P 
must move through two feet to raise the weight W one foot. 

When still greater power is required, pulleys are compounded into a system 
containing two more single pulleys, called Blocks, and these again are com- 
bined in a compound system of fixed and movable pulleys. 

A smgle movable pulley may be so arranged that the power will sustain 
three times its own weight Such an arrangement is represented in Fig. 83. 
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In this we have four cords, one employed in sustainmg the 
power, P, and the other sustaining the weight; conse- 
quently the power will be to the weight as 1 to 3. In 
Fig. 84, we have two blocks, each containing two single 
pulleys. The rope is thus divided into five portions, each 
equally stretched; one is employed in supportmg the 
power P, and four sustain the weight. With this system 
a power of I will balance a weight of 4. 

How is power ^^^' ^^ ^ ^^^ arrangements of pul- 
gained at the leys, the increase of power has been gained 
SSJ'ta a B^ ** **^® expense of time, and the space 
tern of pol- passed over by the power must be double 
^®^"' the space passed over by the weight, mul- 

tiplied by the number of pulleys. That is, in the case of 
the single pulley, the power must pass over two feet to 
raise the weight one foot; and with two movable pulleys, 
as in Fig. 84, the power must fall four feet to raise the 



Fig. 83. 



Fia. 84. 




weight one foot. 

Instead of folding the string on the pulleys entire, it is 
sometimes doubled into separate portions, each pulley 
hanging by a separate cord, one end of which is attached 
to a fixed support. Here a very great mechanical advan- 
tage is gained, attended, however, with a corresponding 
loss of time. In an arrangement of such a character, re- 
presented in Fig. 85, the weight W, is supported by the 
two parts of the cord passing round the movable pulley, 
G ; and as each of these parts is equally stretched, the 
fixed support will sustain one half the weight, and the 
next pulley in order above C, namely B, may be consid- 
ered as sustaining the other hal£ But the two parts of 
the string which support the pulley B, again divide the 
weight, so that the pulley A, which is attached to one of 
them, only sustains one quarter of the first weight, W. 



The string which passes around A again divides this 
weight, BO that each part of it sustains only one eighth 
of W. The fixed pulley serves merely to change the 
direction of the motion. In this system, therefore, a 
power of 1 will balance a weight of 8. 

„ ^^ 227. In general, the advan- 

How may the • i , vi • /» 

advantage tagc gamed by pulleys is found 
be ascer- by multiplying the number of 
movable pulleys by two, or by 
multiplying the power by the number of 
folds in the rope which sustains the weight, 
where one rope runs through the whole. 



Fig. 85. 
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Fig. 86. 



Thus a weight of '72 pounds maj be balanced by four movable polleTS by 
a weight or power of 9 pounds; with two pulleys, by a power of 18 pounds, 
with one movable pulley, by a power of 36 pounds. 

These rules apply only to movable puUeys in the same block, when the 
parts of the rope which sustain the weight are parallel to each. The mechan- 
ical advantage which the pulley appears to possess in theory, is considerably 
diminished in practice, owing to the stiffness of the ropes, and the friction of 
the ropes and wheels. From these causes it is estimated that two thirds of 
the power is lost When the parts of the cord are not parallel, the strength 
of the pulley is veiy greatly diminished. 

„^ , ^ 228. Fixed and mov- 

What are Cranes 

and Derricks, able pulleys are arranged 
TackleandFaUf j^ ^ great variety of 
forms, but the prindple upon which aU are 
constructed is the same. What is called a 
" tackle and fall," or " block and tackle," 
is nothing but a pulley. Cranes and 
derricks are pieces of mechanism usually 
consisting of combinations of toothed 
wheels and pulleys, by means of which 
materials are lifted to different elevations 
— as goods from vessels to the wharves, 
buildmg materials fix)m the ground to 
the stage where the builders are en- 
gaged, and for similar purposes. One 
of the most simple forms of movable 
cranes is represented in Fig. 86. It 
consists of a strong triangular ladder, at 
the top of which is a fixed pulley, C, -C^^^^vJ 
over which the rope attached to the ob- 0""*JB 
ject to be elevated passes, and is carried 
down to the cylindrical axle, T, upon 
which it is wound by means of bars in- 
serted in holes, or by a crank. This 
ladder is inclined more or less from the 
upright position by means of a rope, 
D, which is attached to some fixed point 
at a distance. 

229. The Inclined Pxane consists of a hard 
plane surface, inclined at an angle. 




What is an In- 
clined Plane f 



ninstrate the 
use of an In- 
clined Plane. 



In Fig. 87, ab c repre- 
sents an inclined plane. 
230. If we attempt, for 
to raise a cask, or any other 
heavy body into a wagon, we may find 
that our strength is unequal to lifting it 

5* 
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How do we 
derive « me- 
chanical ad- 
vantage from 



plane? 



How can we 
estimate the 
advantage gain 
ed by the use 
of the inclined 
plane? 



directlj, whEe to haul it up by pulleys would be veiy inconvenient, if not 
impossible. We may, however, accomplish our object with comparative ease 
by rolling the cask up an inclined plank, and exerting our force in a direction 
parallel to the inclined surface of the plank. 

The plank, in this instance, forms an inclined plane, and we 
gain a mechanical advantage, because it supports a part of 
the weight 

If we place a body upon a horizontal plane, or sur&oe, it is 
evident that the surface will support its whole weight; if we 
mdine the surface a little, it will support less of the weight, and as we elevate 
it more, it will continue to support less and less, until the suriace becomes 
perpendicular, in which case no support will be afforded. 

231. The advantage gained by the use of the inclined plane may be esti- 
mated by the following rule : 

232. The power k to the weight as the per- 
pendicular height of the plane is to its length. 

From this it will appear that the Lass the height of the in- 
clined plane, and the greater its length, the greater will be 
the mechanical advantage. Thus, in Fig. 88, if the pUme, c 
d, be twice as long as the height, e d^ Fia. 88. 

one pound at p, acting over the pulley, 
would balance two pounds any where 
between c and d If the plane, c dj 
were three times the length oi d e^ 
then one pound at p would balance 
three pounds any where on the plane, 
c d, and so of all other quantities and 
proportions. 

"^233. Itoads which are not level may be considered as in- 
clined planes, and the inclination of a road is estimated by 
the height which corresponds to some proposed lei^h. Thus, 
we say a road rises one foot in twenty, or one in fifty, mean- 
ing that if twenty or fifty feet of the road be taken, as the length of an in- 
clined plane, the corresponding height of such a plane would be one foot, and 
the difference of level between the two extremities of such a length of road 
would be one foot. 

According to this method of estimating the inclination of 
roads **t? be roads, the power required to sustain, or draw up a load, fric- 
eonstrncted? ^^^ j^q^ considered, is always proportioned to the rate of ele- 
vation. On a level road, the carriage moves when the horse exerts a strength 
sufficient to overcome the fiiction and resistance of the atmosphere ; but in 
going up a hill, where the road rises one foot in twenty, the horse, beside 
these impediments, is obliged to exert an extra force in the proportion of one 
to twenty, or, in other words, he is obligjed to lift one twentieth of the load. 
It is, therefore, bad policy ever to construct a road directly over the summit 
of a liill, when tt^san be avoided, beoause, In addition to the force necessary 




Howdo we es- 
timate the in- 
clination of 
roada? 
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to overcome the Motion in drawing a heavj load up the steep indline^ wp 
jxinst add additional force to overoome the gravity, which acta parallel with 
the inclined plane of the road, and tends constantly to make tiie load roll 
bock to the bottom of the slope. This force increasee most rapidly with the 
steepness, and consequently requires an immense expenditure of power. 
An equal power expended on a road gently winding round the hill, with aa 
increase qi speed, would gain the same elevation in much less time. 

An inteJHgent driver, in ascending a steep hill on which there is a broad 
xoad, winds ^m side to side^ since by so doing he diminishes the abruptness 
of the ascent (the plane being made longer in pn^rtion to its height), and 
thus &Yors the hoises. 

Our oommon stairs are inclined planes, the steps being merely for the pur- 
pose of obtaining a good foot-hold. 

234. In the inclined plane, as in all other simple machinei^ 
^SLd"5^The * 8*"^ "* power is attended with a corresponding loss of time, 
expenaeoftime A body, in ascending an inclined plane, has a greater space 
piimet"* ** to pass over than if it should rise perpendicularly. The time, 
therefore, of its ascent will be greater, and it will thus oppose 
lees resistance, and consequently require less power. 

What is a 235. The Wedge is a movable 

Wedge t inclined plane. It is also defined 
to be two inclined planes united at their bases, 
as A B, Fig. 89. 

In the inclined plane, the weight moves upon the plane^ 
which remains stationary ; but in the wedge, the plane itself 
is moved under the weight 

236. The cases in which wedges are most 
ire Wedges generally used in the arts, are those in which 
Med^ in the 3Q intense force is required to be exerted through a very small 
space. It is, therefore, used fcnr sphtfcing masses of wood, or 
stone, for blocking up buUdings, raising vessels in docks, m^ pressing out the 
oil from seeds. In tiiis last instance, the seeds are placed in bags, between 
two Burfiaoes of hard wood, which are pressed together by wedges. 

Upon what 237. The usefulness of the wedge depends 

2SS***of^i o^ friction ; for if there were no friction, the 
Wedge de- wcdgc would fly back after each stroke of the 

driving force. 
How does the 238. The power of the wedge increases as 
^SJ[e to-** the length of its back, compared with that of 
*"^*' its sides, is diminished. Hence, it follows that 

the power of*the wedge is in proportion to its sharpness. 

The power commonly used in the case of the wedge, is not pressure, bu,t 
percussion. Its edge being ii»erted m^ a fissure, the wedge is Mven 4n bgr 
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What are fa- 
miliar exam- 
pies of the nw 
or application 
of the Wedge 
in the arts? 



Fig. 90. 



blows upon its back. Tbe tremor produced when the wedge is tstmck with 
a violent blow, causes it to insinuate itself much more rapidly than it other- 
wise would. 

239. The edges of all cutting and pierdng mstruments, 
such as knives, razors, chisels, nails, pins, etc, are wedgea 
The angle of the wedge in all these cases is more or 
less acute, according to the purpose to which it is applied. 
Chisels intended to cut wood have their edges at an angle of 
about SQo ; for cutting iron from 50° to 60°, and for brass about 80° to 90° 
In general, tools which are urged bj pressure admit of being harper than 
those which are driven by percussion. The softer, or more yielding the sub- 
stance to be divided is, the more acute tbe wedge may be constructed. 

What ia the ^^^' ^^^ ScBEW is an inclined plane wind- 

*«»▼' ing round a cylinder. 

This may be illustrated by cutting a strip* 
of paper in such a way as to represent an in- 
clined plane^ and then winding it round a 
cylinder, or common lead pencil, as is repre- 
sented in Fig. 90. 

wh.»ta«. . 241. The edge of the 
Thread of a inclined plane windins 

Screw? * ^ 

about the cylinder, or 
vhe coil of the spiral line which 
it describes upon the cylinder, con- 
stitutes the Thread of the screw, 
and the distance between the suc- 
cessive coils is called the distance 

BETWEEN THE THREADS. 

The screw, surrounded by its spiral line is represented in Fig. 91. 

The screw is not applied directly to the resistance to be Fig. 91. 
overcome, as in the case of the inclined plane and wedge, but 
the power is transmitted by means of what is caUed the Nut. 

What is the 242. The Nut of a screw is a 
Nutofascrew? ^0^.^, with a Cylindrical cavity, 
having a spiral groove cut round upon the 
^•surface of this cavity corresponding with the 
thread of the screw. 

In this groove the thread of the screw will move by causing 
the screw to rotate. Each turn of the screw in the nut will cause it to advance 
or recede a distance just equal to the interval between the threads. 
Is the Screw, Generally, the nut is stationaiy and the screw movable^ but 
movabto?^"** the nut may be movable, and the screw staticmary. 
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How^ u power ^^' ^^^®^ ^ commonly applied to the sere wr by means of 
appUed to the a layer, either attach^ to the nut, or to the head ot the aorew, 
^'^^ ' as seen in Kg. 92. By varying the length of thi«^ the power 

may be indefinitely increased at the point of resistance. The screw, there^ 
lore, acts with the combined power of the lever and the inclined plane. 

Thus, in Fig. 92, / d is the lever, c the nut, 
a d the screw, and e the block upon which the 
substance to be pressed is placed. As in all the 
other simple madiines, the advantage in this is 
estimated by the relatire distances passed over 
by the power and the weight If the distance 
of the spiral tiireads of the screw is 1 inch, and 
the handle of the screw, that is the lever, is 2 
feet in length, then the extremity of the lever 
will describe a circle of over 12 feet in turning 
once round, but the screw will only advance 1 
inch. The ratio between the power and the 
weight will be, therefore, as 1 inch to 12 feet, or 
as 1 to 144. Consequently, if a man is capable 
of exerting a force of 60 pounds at the end of the lever, the screw will ad- 
vice with a force of 8,640 pounds. If the distance of the threads had been 
i an inch, the power exerted by the screw would have been doubled. In 
this illustration friction has not been tak«i into account; this will diminish 
the total efiect nearly one fourth. 

How i« the ad- 244. The advantage gained by the screw is 
™^ s?OT i^ proportion as the circumference of the circle 
"«°»*^^ described by the power (that is by the handle 
of the lever) exceeds the distance between the threads of 
* the screw. 

Hence the enarmous medianical force exerted by the screw is rendered 
evident. There is no limit to the smallngss of the distance between the 
threads except the strength it is necessary to give them ; and there is no limit 
to th« magnitude of the circumference to be described by the power, except 
the necessaiy fecility for moving it FiQ. 93. 

What .re fa- ^45 The screw is 

nuiiar appUca- generally usqd where 
sSSr? *^® ^^** pressure is to be 
exerted through small 
spaces; hence its application in presses 
of all kinds; for extracting the juices 
of seeds and fruits^ in compressing cot- 
ton, hay, eta, as also for coining and 
punching. Toir the two latter opera- 
tions it is caused to act with enor- 
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moTis energy by means of the momentum of two heayj balls attadied to the 
end of a long lever, or handle, as is represented in fig. 93. A f<»ce of ser- 
eral tons maj thus be applied at one effort 

When the thread of a screw piQ^ 94^ 

ia shown in Fig. 94, it constitutes 
what is called an endless screw. Such a con- fll 
trivance ia oftentimes a yexy conyenient method || 
of applying power. *~"*^ 

24e. The efficacy of a screw 
Increases with the fineness of 
the thread ; but a practical limit 
is soon attained, for if the thread 
be made too fine, it will become 
weak, and be liable to be torn off! To obtain 

an indefinite increase of the strength of the screw 
without diminishing the strength of the thread, we 
have a contrivance known as " Hunter's screw," rep* 
resented in Fig. 96. It consists of a screw, A, work* 
ing in a nut To a movable bottom-board, D, a sec- 
ond screw, B, is affixed. This second screw works in 
the interior of A, which is hoUow, and in which a 
oorrespondiiig thread is cut When, therefore, A is 
screwed downward, the threads of B pass upward, and 
the movable piece, D, urged forward by the screw 
which has the greater thread, it is drawn back by that 
which has the less ; so that during each revolution the 
screw uistead of being advanced through a space equal 
to the breadth of either of the threads, moves through a space equal to their 
difference. Suppose the distance between the threads of A to be l-2(Hh of 
an inch, and of B l-21st of an inch ; then in turning the screw A once^ ibe 
board D will descend a distance equal to the difference between l-20th and 
1-2 1st, or the l-420th of an inch.. Hence, if the circle described by the han- 
dle be 26 inches while the screw advances l-420th of an inch, the power will 
be to the weight as 1 to 8,400. ^ 

24*7. All machines, however complicated, are made up of combinations of 
the six simple machines. If we examine the construction of any complex ma- 
chine, as a steam-engine, a loom, a spinning machine, or a time-piece, we 
shall find that they are composed of simple levers, wheels and axles, 
screws, etc., connected together in an endless variety of forms, to form a 




complete whole. 



Is the moving 
force in 



In the practical application of machinery, it rarely or never 
happens that the moving force is capable of producing directly, 



®5J^2rectf ^ the particular kind of motion required by the machine to per- 
form the work to which it is adapted. Expedients must 
therefore be restnted to^ by means of whioh the motions which the moving 
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power is capable of exerting directly can be conyerted into tbcee which are 
jjQOBSBwry for the purposes to which the machine is applied. ' 

Hoir many 248. Thc Varieties oif motion which occur in 

Slf arf SSl machinery are divided into two classes^ viz. : 

SS2^?°'°*" RoTABY and EbCtilineab Motion, 

What is Bote. 249. In Botaiy Motion^ the several parts 

ly Motion f levolvo round an axis, each performing a com- 
plete circle, or similar parts of a circle, in the same time. 

wu-4 1- » 250. In Eectilinear Motion, the several parts 

What ia Bee- . . ,, _.' iii»ii 

ttunaar Mo- 01 a movmg body proceed m parallel straight 
lines with the same speed. 

Examples of rotary motion are seen m all kinds of wheel work, and exam- 
ples of rectilinear motion in the rod of a common pump, the piston of a steam- 
engine, the motion of a straight saw. 

WhatiaBeeii». ^^ rotary and rectilinear motion, if the parts move con- 
rocating Mo- stantly in the same direction, the motion is called continued 
****"' rotary, or continued rectilinear motion. If the parts move 

alternately backward and forward in opposite directions, passing over the 
same spaces from end to end continually, the motion is called reciprocating 
motion. 

How are rota- 251. The method by which a power having one of these 
ryand redpro- motions may be made to communicate the samo or a different 
TOnwt3**into J^hid of motion, involves a lengthy description of a great 
oach other? variety of machinery; but the most simple and common plan 
of converting rotaiy motion into rectilinear, and rectilinear motion back again 
into rotary, is by means of what is called a Orcmk, 

What is « 252. The Cbank is a double winch, or han- 
crank? ^jg^ ^^^ jg formcd by bending an axle so as 
to form four right angles, facing in opposite directions. 

It is represented complete in Fig. 96. Attached -. ^^ 

to the middle of C D, by a joint, G, is a rod, H, 
which is the means of imparting power to the crank. 
This rod is driven by an alternate motion, like the 
brake of a pump. The bar C D is turned with a • 
drcular motion round the axle A F.* 
What disad- '^^ disadvantage attending the 
▼aotiHS"* «^ ^^use of the crank is, that it is incapa- 
rftoeSlnkr ^1® ^ transmitting a constant force 

to the resistance. This is illustrated in Fig. 97. In No. 1, 

* The terms axil, axle, arbor, and shaft, in mechanics, are generally nnderstood to 
mean the bar, or rod, which passes through the center of a wheel. A gndgeon is the pin, 
or rapport, on which a horisontal shaft tarns ; the pins npon which an npright shaft tarns 
are called pivots. 
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FiO. 97. 




No. 2. 



where the arm of the crank is horizontal, the power 
from the ro<^ acts with the greatest advantage, aa 
at the extremity of a lever. But when the rod 
which communicates motion stands perpendicular 
with the arm of the crank, as in No. 2, which is 
the case twice during every revolution, the power, 
however great, can exert no effect upon the resist- 
ance, the whole force being expended in producing 
pressure upon the axle and pivots of the crank. 
Such a situation of the rod and the arm of the 
crank is called the deetd pointy and when the ma- 
hinery stops, as is often the case, it is said to be 
*' set," or ^'caught on its center." The difficulty is 
generally overcome by the employment of a fly- 
wheel (§ 2 IX which, by its inertia, keeps up the 
motion. 

SECTION II. 

PBICTION. 

What propor- 253. The most serious obstacle to the per- 
^"hin^i^*^ iJ fection of machinery is Friction ; and it is 
lost b7 friction? i^guaUy considered to destroy one third of the 
power of a machine. 

254. Friction is of two kinds : sliding and 
ki^ds ot^l rolling. Sliding friction is produced by the 

tion are there f •.. •.. -i • /> jy ±-t 

shding, or dragging of one surface over another ; 
rolling friction is caused by the rolling of a circular body 
upon the surface of another. 

Friction increases as the weight, or pressure increases, aa 
the surfeces in contact are more extensive, and as the rough- 
ness of the sur&ces increasa With surfeces of the same 
material, friction is nearly proportional to the pressure. 

Friction diminishes as the weight or pressure is less, as the 
tioTdlSSiUhf polish or smoothness of the moving surfaces is more perfect, 
and as the surfeces in contact are smaller. It may also be 
diminished by applying to the surfeces some unguent, or greasy material: 
oas, tallow, black-lead, etc., are commonly used for this purpose ; they dimin- 
ish friction by filling up the minute cavities and smoothing the irregularities 
that exist upon the surface.* Oils are the best adapted for diminishing the 
friction of metals, and tallow the friction of wood. 



How does fric- 
tion increase f 



* AU bodies, however much they may be polished, appear rough and uneren when 
examined vith a microscope. 



TRICTION. 113 

What are the ^^^' ^**^^°t althoagh an obetade In the working of ma- 
•drantages of chinery generallj, is not without some advantages. Without 
******"* friction, the stones and bricks used in building would tend to 

M. apart from one another. When nails and screws are'driyen into bodies^ 
with a view of holding them together, it is friction alone that maintains them 
in their places. The strength of cordage depends on the friction of the short 
fibers of the cotton, flax, or hemp, oi which it is composed, which prevents 
them from untwisting. In walking, we are dependent on friction for our 
foothold upon the jpround: the difficulty of walking upon smooth loo illos- 
trates this most clearly. Without friction we ooold not hold any body in the 
hand ; the difficulty of holding a lump of ice is an example of this. Without 
fricUon, the locomotive could not propel its load; lor if the tire of the driving 
wheel and the rail were both perfectly smooth, one would slip upon the other 
without affording the requisite adhesion. 

256. Experiments seem to show that the friction of two 
tioa between suT&ces of the same substance is generaUy greater than tho 
^erent^ sub* Miction of two unlike substances. The friction of polished 
Btanoes com- steel agauffit polished steel, is greater than that of polished 
P*^' steel upon copper, or on brass. So of wood and various 

other metals. 

25t. For transporting very heavy timbers, or laige castings^ 
JS«lJ'^ u2a wheels of great size are used, as by their use the weight is 
for transport- moved with greater fiwility, and the roughness of the road 
ing^^ heavy ^^^^ eafflly overcome than with small wheels. The reason 
of this is, that the large wheels bridge over the cavities of the 
road, instead of sinking into them; and in surmounting an obstacle, the large 
drcumference of the wheel, causes the load to rise veiy gradually. 

The resistance of sliding friction is much greater than that of rolling fric- 
tion. In the wheel of a carriage there is rolling friction at the circumference 
of the wheel, but sliding frictk>n at the axles. In a locomotive, the soKsalled 
driving wheels are turned by the force of the steam-engine ; the whole car- 
riage rolls on in consequence of this rotation ; for if the locomotive were to 
remain at rest, the wheels could not revolve without sliding on the rails, and 
overcoming a great amoimt of sliding friction ; but by roUing, the wheels have 
only the much smaller rolling friction to overcome. The machine, therefore^ 
moves onward, this being the direction in which its motion will experience 
the least resistance. 

The load which a locomotive is capable of drawing depends, not only upon 
the force d its steam power, but also upon the weight of the engine, or, in 
other words, upon the pressure of the driving wheels upon the rails, the fric- 
tion increasing with the pressure. If we assume that two locomotives have 
equally strong engines, but that one is heavier than the other, a greater 
weight will be propelled by the heavier of the two. 

Friction is generally resorted to as the most convenient method of retard- 
ing the motion of bodies, and bringing them to rest The different modifica- 
tions of machin&ry employed for this purpose are termed Brakes, 
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PRACTICAL PROBLEMS IN MECHANICS. 

1. Tfhfit mast be the horse-power of a locomotive engine which morea at the oonstant 
8peed of 25 miles per hour, on a level track, the weight of the train being 60 tons, and the 
resisUnoe from Mction being eqn^ to 480 poandsf J*i \ ,J '.'.:>■ ^ ,-; / * " . 

2. If a lever, twelve feet long, have Its fulcrum 4 feet flrom the weight at one end, and 
thiBweightbel2poandt, what power at the other end wiU balance?.^ •> • 

3. In a lever of the first dass a power of 20 at one end balances a weight of 100 at tha 
other: what la the oomparative length of the two arms? ^s^ , 

4. In a lever of the first class, 6 feet in lengih, the power Is J5, and the wdgtit IDO 
pounds: where must the fiilcnun be placed in order that the two may balance? 

5. Two persons carry a weight of SOO pouadi ^spehdM tioin -)Kt[e 10 feet long : one 
of them betog weak can carry only 75 pounds, leaving the rest of the load to be carried 
by the other : how &r from the end of the pole must the wei^t be suspended f 

6. A lever of the second class is 20 feet long : at wiiat dfstaoee ttdiktbb fttfertim moat 
a weight of $0 pounds be placed in order that it may be sustained by a power of 60 
pounds? (^,^^. ^^^, V. 

7. In a lever of the third class, 8 feet long, what power wUl be requir^ to balance a 
weight of 100 pounds, the power being applied at a distance of 2 feet f^Qm the fulcrum? 

8. A power of 6 pounds is required to lift a weight of 20, by me^nd; olT t^e'i^liiHi and 
axle : what must be the proportionate diameters of the wheel and axle ? (- .• ' \ )jf 

9. A power of 60 acts on a wheel 8 feet in diameter : what weight auiipended from a 
rope winding round an axle 10 inches in diameter will balance tills power? a. f 

I J J ,J '-'? V /*' 

10. In a set of cog-wheels the di^hieters of wheel and axle 4re, first 7 and 9, 
second 8 and 1, third 9 and 1 : a power of 25 being applied at the circumference of the 
first wheel, what weight wiU be sustained at the axle of the third ? /- r^ ^ « ^ 

IL What weight will a power of 8 sostidn with a system of 4 movaue pulleys, one 
,cord passing round all of them? • / * > N i '^■Zlf • ^ 

12. Suppose a power of 100 pounds applied to a set of 2 movable pulleys, what weifl^ 
will it sustain, allowLog a. deduction of two thirds for friction ? '^ 

13. If a man is able to draw a weight of 200 pounds up a' perpendicular waU 10 feet 
high, how much will he be able to draw up a plank 40 feet long, sloping from the top of 
the wall to the ground, no allowance beiug made for friction ? 

Soliaum,--ltL this the height (10) is to the length (40) as the weight (200) is to the re- 
quired weight 

14. If a man has Just strength enough to lift a cask weighing 196 pounds perpendicu- 
lariy into a wagon S feet high, what weight could he ndse by means of a plank 10 feet 
long, with one end resting upon the wagon, and the other on the ground?^ 

15. The length of a plane is 12 feet, the height is 4 feet: what 
power to the weight to be raised ? 

16. The distance between the threads of a screw being half an inch, and the drcumfsr- 
ence described by the power 10 feet, what proportion wiU exist between the power and 
the weight ? 

5rotM«o».— The power win be to the weight as half an Inch, the distance between the 
threads, is to 10 feet (240 half inches), the circumference described by the power-1 to 240. 

17. A power of 20 pounds acting at the end of a lever attached to a screw describes a 
clrde of 100 inches: what resistance will the power overoome, the distance between the 
threads of the screw being 2 inches? 
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CHAPTER VII. 

ON THB STBBNGTH OP KATEBIALS USED IN THE ABT3, AND 
THEIB APPUCATION 10 AROHITECin&AL PUBPOSES. 



^^^ :/«5 . U:C'^ SECTION I. 

ON THE STRENGTH OF MATERIALS. 

Upon what doea 258. Whkn materials are employed for 
r^Hterto^dSf mechanical purposes, their power, or strength, 
P*°*' for resisting external force, apart from the na- 

ture of the material, depends upon the shape of the 
material, its bearing, or manner of support, and the nature 
of the force applied to it. 

undcrwhatcir- 259. A beam, or bar, will sustain the greatest 
rb^SStSS application of force, when the strain is in the 
^greatest dircctiou of its length. 

260. The strongest of all metals for resistisg tension, or a 
•trength?f Aif- direct pull, is iron in the condition of tempered steel The 
ferent substan- strength of metals is affected by their temperatm«, being 
cea vary diminished, in general, as their temperature is raised. Wood 

of l^e same kind is subjected to very great variations of strength. Trees 
that grow in mountainous .or windy places, have greater strength than 
those which grow on plams; and the different parts of a tree, such as the 
root trunk, and branches, possess different degrees of strength. Cords of 
equal thickness are strong in proportion to the fineness of their strands, and 
also to the fineness of the fibers of these strands. Ropes which are damp, 
are stronger than those which are dry ; those which are tarred than the un- 
tarred, the twisted than the spun, the unbleached than the bleached. Other 
things being equal, a rope of silk is three times stronger than a rope of flax. 

How doea the 261. Of two bodies of similar shape, but of 
i^f a^body different sizes, the larger is proportionably the 
"^^^^ weaker.* 

* A knowledge of the strength of Tarions materials in resisting the action of forces ex- 
erted in different directions, is of great importance in the arts. In the following tahles 
are collected the results of the most recent and extensive experiments upon this suhject 
The bodies IkattJected to experiment are supposed to he in the form of long rods, the cross- 
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That a large body may have the proportionate strength of a smaUer, it must 
contain a greater proportionate amount of material ; and beyond a certain 
limit, no proportions whatever will keep it together, but it will &11 to pieces 
by its own weight This fact limits the size, and modifies the shape of most 
productions of nature and art— of trees^ of animals, of architectural or mechan- 
ical stractures. 

262. The strength of a rectangular beam, or 
a beam in the form of a parallelogram, when 
its narrow side is horizontal, is greater than 
when its broad side is horizontal, in the same proportion 
that the width of its broad side is greater than the width 
of its narrow side. 

Hence, in all parts of structures where beams are subjected to transverse 
strain, as in the rafters of roofe, floors, etc^ they are always placed with their 
narrow sides horizontal, and their broad sides vertical 

sectioQ of which measureB a square inch ; in the second column is glren the amount of 
breaking weights, which are the measure of their strength in resisting a direct pull 



In what pod* 
tion is a rec- 
tangular beam 
the strongest ? 



Nsme, 

1st Metals;— 
SteeU tempered.. 
Iron, bar 

— plate, rolled.. 

— wire 

— Swedish malv 

leable 

— English do. . 

— cast. 

Silrer, cast 

Copper, do. 

— hammered. 
Brass, cast: 

— wire 

— plate 

Gold 

Tin. 



Ibe. 



lb«. 



from 114794 to 163471 
, " 63182 — 84611 
. " 63920 

" 68736 —112905 



-19464 



72064 
66872 
16243 
40997 

20320 — 37380 
87770—89968 
17947 — 19472 
47114 — 68981 
62240 

20490 — 66237 
8228— 6666 



Name. 
Metals;— 

Tin, cast Arom 

Zinc " 

Lead, wire " 



2d. Woods ;— 

Teak " 

Sycamore. ** 

Beech " 

Elm " 

Larch " 

Oak " 

Alder " 

Box " 

Ash " 

Pine " 

Fir " 



llM. 


llw. 


4736 




'^820 




2643 to 


3823 


12916 — 


15406 


9630 




12225 




9720 — 


15040 


10240 




103C7 — 


26851 


11453 — 


21730 


14210 — 


24043 


13480 — 


23466 


10038 — 


14966 


6991- 


12876 



The following table shows the ayerage weights sustained by wires of diiferent metals, 
each having a diameter of about one twelfth of an inch ; 



Lead 27 pounds. 

Tin 84 

Zinc 109 

Gold 160 



Silyer 187 pounds. 

Platinum 274 " 

Copper 303 ** 

Iron 648 " 



Cords of different materials, but of the same diameter, sustained the following weights : 

Common flax 1175 pounda I New Zealand flax 2380 pounds. 

Hemp 1633 " | Silk 3400 " 

The following table shows the weights necessary to crush columns or pillars composed 
of different metals; the numbers expressed in the second column being the total crush- 
ing weight in lbs. per square inch : 



Name. 

1st Metals; 

Cast iron ft:om 116818 to 177776 

Brass, fine " 164864 

Copper, molten " 117088 

— hammered. " 108040 

Tin, molten " 16466 

Lead, molten " 7728 



Name. Ibe. tbe. 

2d. Woods:— 

Oak. from 3860 to 614T 

Pine " 1928 

Elm " 1284 

8d. Stones:— 

Granite " 4fe70 

Sandstone »* 2666 

Brick, weU baked *' 1092 
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The strength of a stnicture depends, in a very great degree, on the manner 
m -which the aeveral parts are joined together, and by a skillful combination, 
or interlocking, very weak and fragile materials may be made to resist the 
action of powerful forces. Examples of this occar in the manufactore of 
ropes, strings, thread, etc. ; in the weaving of baskets, and especially in the 
Btxiicture of doth; in this last instanoe, a series of parallel throEtds called the 



Fig. 98. 



vmfy is made tp interlock with 
another series of threads called 
the wcurpj running transversely 
across, and passing alternately 
oyer and under the first series. 
Fig. 98 represents the appear- 
ance of a piece of plain doth 
seen through the microscope; 
the alternate intersections of 
the threads are seen in the 
lower figure, the dots repre- 
senting the ends of the warp 
threads, and the cross line the woof 

263. When a single beam can not be found deep enough 
to have the strength required in any particular case, several 
beams may be joined together, in a variety of ways, so that 
very great strength is obtained without a v^ great increase 
of bulk. Such methods of joining timber are known as 
scarfing and interlocking, tonguing, dovetailing, mortis- 
ing, etc. 

Fig. 99. 





264. Scarfing and interlocking is the method 

ing and interl of inscrtiou in which the ends of pieces over- 

^ lay each other, and are indented together , so 

as to resist the longitudinal strain by extension, as in tie 

bearers and the ends of hoops. (See Fig. 99.) 

265. Tonguing is that method of insertion in which the 
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What is 
tongoingr 



edges of boards are wholly, or partially received, 
by channels in each other. 



What is doT«- 
taiUng? 



Fig. 100. 




Fie^. 101. 



266. Dovetailing is a 
method of insertion in 
which the parts are connected by ^ 
wedge-shaped indentations which per- 
mit them to be separated only in one 
direction. (See Fig. 100.) 
What is mor- 267. Mortising is a method of insertion in 
tisingf which the projecting extremity of one timber is 
received into a perforation in another. (See Fig. lOl.) The 

opening or 4iole cut in 
one piece of wood to re- 
ceive or admit the pro- 
jecting extremity of an- 
other piece, is called a 
mortise ; and the end of 
the timber which is re- 
duced in dimensions so 
as to be fittedinto a mor- 
tise, for fastening two timbers together, is called a tenon. 
268. The form in which a given quantity of 
matter can be arranged in order to oppose the 
greatest resistance to a bending force, is that 
of a hollow tube, or cylinder ; and the strength 
of a tube is always greater than the strength 
of the same quantity of matter made into a solid rod. 

The most beautiful and striking illustrations of ^his princi- 
lustrations of pie occur in nature. The bones of men and animals are hoi- 
this principle ? \q^^ j^^ nearly cylindrical, because they can in this form, 
with the least weight of material, sustain the greatest force. The stalks 6f 
numerous species of vegetables, especially the grain-bearing plants, as wheat, 
rice, oats, etc., which are required to bear the weight of the ripened ear of 
grain, or seed, are hollow tubes, and their strength, compared with their 
lightness, is most remarkable. In this form they not only sustain the crush- 
ing weight of the ear which they bear at the summit, but also the force of the 
wind. In the construction of columns for architectural purposes, especially 
those made of metal, this principle is taken advantage of.* 
* In that most gigantic work of modem engineering, the Britannia Tabular Bridget 




In what form 
can a given 
quantity of 
matter be ar- 
ranged to op- 
pose the great- 
est reidstance? 
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*^ Why Is a beam ^^^* '^ ^*^i Supported at its two ends, when bent by its 
beat in the weight, in the middle, hafi its liability to break greatly in- 
jfhrMk?^**^ creased, because the destroying force acts with the advantage 
of a long lever, reaching from the end of the beam to the> cen- 
ter ; and the resisting force or strength acts only with the force of a short lever 
from the side to the center; at the same time, a little only of the beam on the 
under ade is allowed to resist at alL 

This last ciroumstance is so remarkable, that thtf scratch of a pin on the 
under side of a beam, resting as here suf^posed, will sometimes suiBce to begm 
the fracture. 

SECTION 11.^ 

AFPLICATIOK Of XATERIAIiS TOR ARCHITEGTURAL OR STRUCTURAL PURPOSES. 

whaiiiiAKU. • 270. Architecture, in its general sense, is the 
art of erecting buildings. In modern use, the 
name is often restricted to the external forms, or styles of 
buildings. 

To irhat do •^•^® different varieties of architecture undoubtedly owe their 
the different origin to the rude structures which the climate or materials of 
SJhite?ture**^ ^y co^'^^ obliged its early mhabitants to adopt for tempo- 
^l>aWy owe rary shelter. These structures, with all their prominent fea- 
eiroTiginr ^^^^^^ j^^^^ ^^^^ afterward kept up by thear refined and 
opulent posterity. Thus the Egjrptian style of architecture had its origin in 
the cavern, or mound. The ChiDese architecture is modeled from a tent; the 
Grecian is modeled from the wooden cabin; and the Gothic, it has been sug- 
gested, from the bower of trees. 

On what does 271. Thc Strength of a building will princi- 
^bniSinfpril pally depend on the walls being laid on a good 
dpaiiydepeud? j^^j fip^ fouudation, of sufficieot thickness at 
the bottom, and standing perfectly perpendicular. Its 
usefulness will depend upon a proper arrangement of ita 
parts. 

erossiog the Menal Straits, -irhlch separate tlie island of Anglesey frtnn the mainland of 
Great Britain, advantage has been taken of the strength of matter arranged in the form 
of a tube or hollow cylinder. The entire bridge Is formed of immense rectangnhir tabes 
of iron, 26 feet high in the center, 14 feet vide, and tiaving an entire length of 1613 feet^ 
▼ith an elevation above the water of more than 100 feet The sides of the tabes are also 
composed of smaller tnbes, united together in a peculiar manner, so as to obtain the 
maximum of strength from the form of structure ; and so great is this strength, that a 
train of loaded cars, weighing 280 tons, and impelled with great velocity, deilects the 
tubes in their centers less than three fonrths of an inch. The entire weight of the tabes 
composing this bridge is upward of 10,500 tons, the length of two of the spans, or distances 
between the points of support, being 460 feet each. The same amount of iron in the form 
of a solid rod or beam, would not probably have sustained its own weight 
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272. A PILE, in architecture and engineer- 

Whatiaapaef . . i. ♦ /. i i . -. * 

mg, IS a cylinoer of wood or metal pointed at 
one extremity, and driven forcibly into the earth, to serve 
as a support or foundation of some structure. It is gen- 
erally used in marshy or wet places, where a stable found- 
ation could not otherwise be obtained. 

.^_ ^^ In constructing columns for the support of the various parts 

umns support- of a building, or of great weights, they are made smaller at 
larger ^?*tfS ^® *^ ^^^^ ^ *^® bottom, because the lower part of the 
bottom than column must sustain not only the weight of the superior part, 
the top? y^^^ ^jg^ ^^ weight which presses equally on the whole 

column. Therefore the thickness of the column should gradually decrease 
from bottom to top. 

What ia an 273. Au ARCH is a concave or hollow struct- 
"^' ure, generally of stone or brick, supported by 
its own curve. 

The base of an arch is supported by the support upon which it rests, while 
all the other parts constituting the curve are sustained in their positions by 
their mutual pressure^ and by the adhesion of the cement interposed between 
their surfaces. 

A contmued arch is termed a vault 

An arch is capable of resisting a much greater amount of 
stronger than pressure than a horizontal or rectangular structure constructed 
*tru taM ?°**^ ^^ *^® same materials, because the arrangement of the mate- 
rials composing the arch is such, that the force which would 
break a horizontal beam or structure is made to compress all the particles of 
the arch alike, and they are therefore in no danger of being torn or overcome 
separately. 

• 274. The vertical wall which sustains the base of an arch 

abutment f ^ termed an abutment: when there are two contiguous 
arches, the intermediate supporting wall is called a pier, 
^j^ t 11 "^ beautiful application of the principles of the arch exists 

lustrationa of ^ the human skull, protecting the brain. The materials are 
of thS^?*' here arranged m such a way as to afford the greatest strength 
with the least weight The shell of an egg is constructed 
upon the principle of the ^rch ; and it is almost impossible to break an egg 
with the hands, by pressing directly upon its ends. A thin watch-glafis, for 
the same reason, sustains great pressure. A dished or arched wheel of a 
carriage is many times stronger to resist all kmds of shocks than a perfectly 
flat wheel A full cask may fall without damage, when a strong square box 
would be dashed to pieces. 

What is an 275. By au order in architecture we under- 
tecS-ef*'*^ ' stand a certain mode of arranging and decor- 
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ating a colamn^ and the adjacent parts of the stractare 
which it supports or adorns. 

H<wr mmy orw 276. Five ordcrs are recognized in architec- 
t^J?*^ ture— the Doric, Ionic, and Corinthian, de- 
there? rivod fiom the Greeks ; to these the Romans 

added two others, known as the Tuscan and Composite. 
What is a Pi- ^77. A PilastcT is a square column gener* 
^***®'' ally set within a Wall, and not standing alone. 
What is a For- 278. A Portico is a continued range of col- 

**~' ttifins, covered at the top to shelter from the 

weather. 
What are Bai. ^79. Balustcrs BTO Small columus, or pillars 

""*'■' of wood, stone, etc., used in terraces or tops 
of buildings for ornament ; also to support a railing. When 
continued for some distance, they form a balustrade. 
Into trhat two 280. An ordcr, in architecture, consists of 
SSw^TiTarchil *w<^ principal members — the column and the 
tectaredivided? eutabldturc — cach of which is divided into 
three principal parts. 

What is the 281. The Entablature is the horizontal con- 
Entabiature? tiuuous portiou which rcsts upon a row of 
columns. 

^ Into how many It IS divided into the architrave, which is the lower part of 

pMtsiatheEn- ^q Entablature; the frieze, which is the middle part; and 
tablatare di- , . , . . . , . . *^ * 

yided? the cornice, which is the upper, or projecting part 

282. The column is divided into the base. 

Into how many ' 

partB if the thc shaf t, and the capital. 

eolomn divided f ' *■ 

The base is the lower part, distinct from the shaft ; the 

shaft is the middle, or longest part of the column ; the capital is the upper, or 

ornamental part resting on the shaft. 

The height of a column is always measured in diameters of the column 

itself taken at the base of the shaft. Thus we say the height of the Doric 

column is six times its diameter, and the height of the Corinthian, ten diam« 

iters. Fig. 102 represents the various parts of an order of architecture. 

wThat is the 283. The Fa9ade of a building is its whole 
aUgf ' front. 

Architecture ought to be considered as a useful, and not as 
a fine art. It is degrading the fine arts to make them entirely subservient to 
utility. It is out of taste to make a statue of ApoUo hold a candle, or a fine 

6 
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Mgmwl »>fc^^iMFd. Oar bsoBB are fir me, and srdiHecture is^ 
fare. OBC of xue uaefol aitL In bmiiin^ v? sboold pfan the inside fint^ 
im aie aoEade xn ocvcr it Ii s m bad i^e to oonslnict a dwelling- 
^i&'Ar £zK flfaGneisD traipip beaiaeaGTBciMitepuJcwaRintmdied 
Bi fir a hi>it«rMBi, <r a piaoe of iiieeliiig.* 

Fb.102. 




JSk In sdectii^a stone fir arehitectaral purpose^ we may 
be aMp to firm an opmion req)ecdng its durability and pe^ 
Banence^ By TsiCiiig the locality from whence it was ob- 
tamed we mar judge from the soifiices whidi have been long 
ejqwEcd to the weather if the rock is liable to yield to atmofi. 
WiewMnn«w*fiL and the conditions nnder which it does sa For example, 
if the iiK*beng«nite. and it be TeiT uneven and rough, it may toinfeire^ 
that ik «!»» - ^-— "- that the feW^ar, which ibnns one of its compo- 
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nent parts, is more readily decomposed by the action of moisture and frost 
than the quartz, which is another ingredient ; and therefore it is very unsuit- 
able for building purposes. Moreover, if it possess &a iron-brown or rusty 
appearance, it may be set down as highly perishable, owing to the attraction 
which this iron has for oxygen, causing the rock to increase in bulk,- and so 
disintegrate. 

Sandstones, termed freestones, are ill adapted for the external portions of 
exposed buildings, because they readily absorb moisture; and in countries 
where frosts occur, the freezing of the water on the wet surfiwie continually 
peels off the external portions, and thus, in time, all ornamental work upon 
the stone will be de&ced or destroyed. 



CHAPTER Till. 

t 

HYDROSTATICS. 

SSLJJ^! 285. Hydrostatics is that department of 
drortatics? Physical Science which treats of the weight, 
pressure, and equilibrium of water,* and other liquids at 
rest. 

* Water is a fluid composed of oxygen and hydrogen, in the proportion of 8 parts of 
oxygen to 1 of hydrogen. It is one of the most abundant of all substances, constituting 
three fourths of the weight of living animals and plants, and coyering about three>fiftht 
of the earth* s surface, in the form of oceans, seas, lakes, and rirers. 

In the norOicm hemisphere the proportion of land to -rater is as 419 to 1000; irhile in 
the southern hemisphere it is as 129 to 1000. The maximum depth of the ocean has nerer 
been ascertained. Soundings were obtained in the Sonth Atlantic in 1863, between Rio 
Janeiro and the Cape of Good Hope, to the depth of 48,000 feet, or about 9 miles. Other 
soondings, made during the recent U. S. survey of the Oulf Stream, extended to the 
depth of 84,200 feet without finding bottom. The average depth of the ocean has been 
estimated at about 2000 fkthoms. 

Notwithstanding this apparent immensity of the ocean, yet, compared with the wholQ 
bulk of the earth, it is a mere film upon its surface ; and if its depth were represented oa 
an ordinary globe, it would hardly exceed the coating of varnish placed there by the 
manufacturer. 

The-source of all our terrestrial waters is the ocean. By the action of evaporation upon 
its surface, a portion of its water is constantly rising into the atmosphere in the form of 
vapor, which again descends in the form of rain, dew, fog, etc. These waters combine to 
form springs and rivers, which all at last discharge into the ocean, the point from which 
they originally came, thus forming a constant round and circulation. " All the rivers 
run into the sea, yet the sea is not full," because the quantity of water evaporated from 
the sea exactly equals the quantity poured into it by the rivers. In nature, water Is 
never found perfectly pure; that which descends as rain is contaminated by the impuri. 
ties it washes out of the air ; that which rises In springs by the substances it meets with 
in the earth. Any water which contains less than fifteen grains of solid mineral matter in 
a gallon, is considered ae comparatively pure. Some natural waters are known so pure 
that they contain only l-20th of a grain of mineral matter to^ the gallon, but such instances 
are very rare. Water obtained from different sources may be classed, as r^ards oomi- 
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^^^we^^^^d 286. Liquids have but a slight degree of 
elastic? compressibility and elasticity, as compared 

with other bodies. 

_ .., 287. The elasticity of water may be shown in various ways. 

What are illas- ,„, „ . ,. x i. -i xu _r /• 

trations of the When a flat stone is thrown so as to strike the surface of 

gasticityofwa- ^gter nearly horizontally, or at a shght angle, it rebounds 
with considerable force and frequency. Water also dashed 
against a hard surface shows its elasticity by flying off in drops in angular 
directions. Another femiUar example of the elasticity of water is ob8er\'^ed, 
when we attempt to separate a drop of water attached to some sur&ce for 
which it has a strong attraction. The drop will elongate, or allow itself to be 
drawn out to a considerable degree^ before the cohesion of its constituent par- 
ticles is wholly overcome ; and if the separating force is at any time relaxed, 
or discontinued, the elasticity of the water will restore the drop to very nearly 
its original form and position. Mercury is much more elastic than water, and 
rebounds from a reflecting sur&ce with considerable velocity and violence. 
The exercise of both the elastic and compressive principle is, however, so ex- 
tremely limited in liquids, that for all practical purposes this form of matter is 
regarded as inelastic and uncompressible ; or, in other Words, the elasticity 
and compresfflbility of water produce no appreciable effects, 
to what X- "^^^ compressibOity of water is not so easily demonstrated 
tent has water as is its elasticity, although the elasticity is a direct conse- 
^ied7"' quent of the compressibility. An experiment of Mr. Perkins 

showed that water, under a pressure of 15,000 pounds to the 
square indi, was reduced m bulk 1 part in 24. 

In what man- ^^^' ^"^ l^^l^id bodies, as has been already shown (§§ 34, 
nerdothepar- 3G), the attractive and repulsive forces existing between the 
ticiesofUquid^ pa-rticlcs are so nearly balanced, that the particles move upon 
each other ? each other with the greatest facility. The particles which 
make up a collection of fine sand, or dust, also move upon 
each other with great facility : but the particles of a liquid possess this addi- 
tional quality, viz., that of moving upon themselves without friction. The 
particles of no solid substance, however fine they may be rendered, possess 
this property. 

289. From this is derived a great fundamental principle lying at the basis 
of all the mechanical phenomena connected with liquid bodies, viz. : — 

paratire purity, as follows ; Rain water must be considered as the purest natural water, 
especially that which falls In districts remote from towns or habitatlohs; then comes 
river water ; next, the water of lakes and ponds ; next, spring waters ; and then the 
waters of mineral springs. Succeeding these, are the waters of great arms of the ocean, 
into which Immense rivers discharge their volumes, as the water of the Black Sea, which 
is only brackish ; then the waters of the ocean itself: then those of the Mediterranean 
and other inland seas; and last of all, the waters of those lakes which hav^ no outlet, as 
the Dead Sea, Caspian, Great Salt Lake of Utah, etc. etc 

All natural waters contain air, and sometimes other gaseous dubstances. Fishes and 
other marine animals are dependent upon the air which water contains for their respira- 
tion and existence. It is owing to the presence of air in water that it sparkles and 
bubblea 
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Wlut great law 
constitutes the 
basiB of aU the 
mechanical 
phenomena of 
U4iiid3? 




290. Liquids transmit pressure equally in 
all directions. 

This remarkable property constitutes a very characteristic 
distinction between solids and liquids ; since solids transmit 
pressure only in one direction, viz., in the line of the direction 

of the force acting upon them, white liquids press equally in all directions^ 

upward, downward, and sideways. 

«. _^ . x^ In order to obtain a dear Fio. 103. 

nisstrate the 

quality of understanding of the princi- 

pr^orc in ttq- pj^ ^f ^^q ©quality of pressure 
in liquids, let us suppose a 

vessel, Pig. 103, of any form, in the sides of 

which are several tubular openings, ABO 

D E, each closed by a movable piston. If 

now we exert upon the top of the piston at 

A, a downward pressure of 20 pounds, this 

pressure will be communicated to the water, 

wliich will transmit it equally to the internal 

face of all the other pistons, each of which 

will be forced outward with a pressure equal to 20 pounds, provided their 

aur&ces in contact with the water are each equal to that of the first piston. 

But the same pressure exerted on the piston? is equally exerted upon all parts 

of the sides of the vessel, and therefore a pressure of 20 pounds upon a square 

inch of the surface of the piston A, will produce a pressure of 20 pounds upon 

every square inch of the interior of the sur&ce of the vessel containing the 

liquid. 

Fio. 104. The same principle may 

also be shown by another 
experiment. Suppose a 
cylinder, Fig. 104, in which 
a piston is fitted, to termi- 
nate in a globe, upon the 
sides of which are little 
tubular openings. If the 
globe and the cylinder are 
filled with water, and the 
piston pressed down, the 

liquid will jet out equally from all the orifices, and not solely from the one 

which is in a direct line with, and opposite to the piston. 

291. This property of transmitting pressure equally and 

ner may a Uq- fireely in every direction, is one in virtue of which a liquid 
becomes a machine, and can be made to receive, distribute, 
and apply power. Thus, if water be confined in a vessel, 

and a mechanical force exerted on any portion of it^ this force will be at once 

transmitted throughout the entire mass of Uquid. 
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What is the Hy- 
drostatic Para- 
dox? 



The effects of the practical application of this principle are 
so remarkable that it has been called the Hydrostatic Para- 
dox, since the weight, or force, of one pound, applied through 
the medium of an extended surface of some liquid, may be made to produce 
a pressure of hundreds, or even thousands of pounda Thus, in Fig. 105, A 



Fig. 105. 




Hotr do the 
forces acting 
in the Hydro- 
static Paradox 
compare with 
the forces act- 
ing on the arms 
of alerer? 



and a are two cylmders containing water connected 
by a pipe, each fitted with a piston in such a way as 
to render the whole a dose vessel. Appose the 
area of the base of the piston, p, to be one square 
^ inch, and the area of the base of the piston, P, to be 
1,000 square niches. Now any pressure applied to 
the small piston will be transmitted by the water to 
the large piston ; so that every portion of sur&ce in 
the large piston will be pressed upward with the 
same force that an equal portion of the sur&ce in the small piston-is pressed 
downward. A pressure, therefore, of 1 pound acting on the base of the pis- 
ton p, will exert an outward pressure of 1,000 pounds acting on the base of 
the piston F ; so that a weight of 1 pound resting upon the piston p, would 
support a weight of 1,000 pounds resting upon the piston P. 

The action of the forces here supposed differs in nothing 
from that of like forces acting on a lever having unequal 
arms in the proportion of 1 to 1,000. A weight of 1 pound 
acting on the longer arm of such a lever, would support, or 
raise a weight of 1,000 pounds acting on the shorter arm. 
The liquid contained in the vessel, in the present case, acts 
as the lever, and the inner surfece of the vessel containing 
it acts as the fulcrum. If the piston p descends one inch, a quantity of 
waW which occupies one inch of the cylinder a will be expelled from it, and 
as the vessel A a is filled in every part, the piston P must be forced upward 
until space is obtained for the water which has been expelled from the cylin- 
der a. But as the sectional area of A is 1,000 times greater than that of a, 
the height through which the piston P must be nused to give this space, will 
be 1,000 times less than that through which the piston p has descended. 
Therefore, while the weight of 1 pound on p has moved through 1 mch, the 
weight of 1,000 pounds on P will be raised through only l-l,000th part of an 
inch. If this process were repeated a thousand times the weight of 1,000 
pounds on P would be raisrjd through 1 inch ; but in accomplishing this, the 
weight of 1 pound acting on P would be moved successively through 1,000 
inches. The mechanical action, therefore, of the power in this case, is ex- 
pressed by the force of 1 pound acting successively through 1,000 inches, 
while the mechanical effect produced upon the resistance is expressed by 1,000 
pounds raised through 1 inch. 

What is a Hy. ^92. The Hydraulic, or Hydrostatic 
drauuc Press? Press, is a machine arranged in such a man- 
ner, that the advantages derived from the principle that 
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liquids transmit pressure equally in all directions, may be 
practically applied. 

The principle of the construction and action of the hydraulic press is ex- 
plained in the preceding paragraph (§ 291), and Fig. 105, represents a section 
of its several parta Fig. 106. 




Fig. 106 represents the hydraulic press as constructed for practical purposes. 
In a small cylinder, A, the piston of a forcing-pump, P, works by means of 
the handle M. The cylinder of the forcing-pump, A, connects, by means of a 
tube, K, leading from its base, with a large cylinder, B. In this moves also 
a piston, P, having its upper extremity attached to a movable iron plate, 
which works freely up and down in a strong upright frame- work, Q. Be- 
tween this plate and the top of the frame-work the substance to be pressed is 
placed. To operate the press, water is raised m the forcing-pump, A, by 
raising the handle M, from a small reservoir beneath it, a; by depressing the 
handle, the water filling the small cylinder A is forced through a valve, H, 
and the pipe K, into the larger cylinder B, where it acts to raise the larger 
piston, and causes it to exert its whole force upon the object confined be- 
tween the iron plate and the top of the fi:^me-work. If the area of the base 
of the piston jp is a square inch in diameter, and the area of the base of the 
piston P 1,000 square inches, then a downward pressure of one pound on jp 
will exert an upward pressure of 1,000 pounds on P. 
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As thus constructed, the hydraulic press constitutes the most powerful 
mechanical engine with which we are acquainted, the limits to its power 
being bounded only by the strength of the machinery and material By 
means of this press, cotton is pressed mto bales, ships are raised from the 
water for repair, chain-cables are tested, etc eta 

Will liquids 293. As liquids transmit pressure equally in 
£^weii'^*aB all directions, it follows that any given portion 
downward? ^f g^ liquid Contained in a vessel wiU press up- 
ward upon the particles above it, as powerfully as it 
presses downward upon the particles below it. 

How is the up- '^^^ ^^ ™*^ ^® illustrated by means of 
ward pressure the apparat«is represented in Fig. 107. If 

by «"^rimS * P^*^ ^^ "^^^ ^» ^ ?6l^ ««»i^st the bot- 
tom of a glass tube, g, by means of a string, 
v, and immersed in a vessel of water, the water being up to 
the level ti fz, the plate B will be sustained in its place by the 
upward pressure of the water ; to show that this is the case, ^ | 
it is only necessary to pour water into ^e tube g^ until it 
rises to the level n n^ when the plate will immediately fell, 
the upward pressure below the plate B being neutralized 
by the downward pressure of the water ui the tube g. 

" Some persons find it difficult to understand why there 
should be an upward pressure in a mass of liquid, as well 
as a downward and lateral pressure. But if in a mass of 
liquid the particles below had not a tendency upward equal 
to the weight, or downward pressure of the particles of liquid above them, 
they could not support that part of the liquid which rests upon them. Their 
tendency upward is owing to the pressure around them from which they are 
trying to escape."* 

294 The pressure exerted by a 
column of liquid is proportioned to, 
or measured by the height of the 
column, and not by its bulk, or 
quantity. 

If we take a tube in the form ci the letter IT, with one of its 
branches much smaller than tlie other, as in Fig. 108, and pour 
water into one of the branches, we shall find that the liquid 
will stand at the same height in both tubes. The g^at mass 
of Uquid contained in the large tube, A, exerts no more press- 
ure on the liquid contamed in the small tube, D, than would a 
smaller mass contained in a tube of the same dimensions as D. 
And if A contained 10,000 times the quantity of water that D 
contained, the water would rise to no greater elevation in D 
than in A. 

• Amett 




To what la the 
pressure of a 
column of Uq- 
uid propor- 
tional? 



Fig. 108. 
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Whftt U the 
principle and 
action of the 
HydroBtatio 
BellovB? 



Fza. 109. 






The principle that the pressure exwted by a column of 
water is as its height, and not as its quantity, may be also 
illustrated by the Hydrostatic Bellows, Fig. 109. This con- 
fflsts of two boards, B C and D E, united together by means 
of doth, or leather, A, as ui a common bellows. A small ver- 
tical pipe, T, attached to the side communicates 
with the interior of the hello ?r& Heavy weights, 
W W, are placed upon the top of the bellows 
when empty. If water be poured into the verti- 
cal pipe, the top of the bellows, with the weights 
upon it, will be lifted up by the pressure of the 
water beneath; and as the height of the column 
of water inweases, so in like proportion may the 
weights upon the top of the bellows be increased. 
It is a matter of no consequence what may be the 
diameter of the vertical tube, smoe the power of 
the apparatus depends upon the height of the col- 
umn of wat^ in the small tube, and the area of 
theboaid, BC; ihat is, tha weight of a amaU coir 
umn of water in (he verticai pipe, T.wiUbe capable 
ofsvpporting a weight upon ihe board, B (7, greaUr, 
ihanOie weight of the waiter f» thepipe, in ihesame 
D proportion as the area ofboa/rd B C is greaiertfum 
the sectional area of the bore of the pipe. Thus, if 
the area of the bore of the pipe be a quarter of an inch, and the area of the 
board forming the top of the bellows a square foot, then the proportion of the 
pipe to the board will be that of 576 to 1 ; and, consequently, the weignt 
capable of being supported by the board will be 6T6 times 
the weight of the water contained in the pipe. 

In this manner a strong cask, a, Jig. 110, 
filled with liquid, may be burst by a few 
ounces of water poured into a long tube, h c, 
communicating with the interior of the cask. 
This law of pressure is sometimes exhibited 
on a great scale in nature, in the bursting of rocks, or mount- 
ains. Suppose a long vertical fissure, as in Fig. Ill, to com- 
municate with an internal cavity formed in a mountain, with- 
out any outlet. Now, when the fissure and cavity become 
filled, an enormous pressure is exerted, sufficient, it may be, 
to crack, or disrupture, the whole mass of the mountain. 

The most striking effects of the pressure of the water at 
great depths are exhibited in the ocean. If a strong, square 
glass bottle, empty and firmly corked, be sunk in water, its 
sides are generally crushed in by the pressure, before it has 
reached a depth of 60 feet. Divers plunge wfth impunity to 
certain depths, but there is a limit beyond which they can not sustain the 

6* 
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immense pressure on the body 
exerted by the water. It is prob- 
able, also, that there is a limit of 
depth beyond which each spe- 
cies of fish can not live. The 
principle of the eqoal transmis- 
sion of pressure by liquids, how- 
ever, enables fishes to sustain a 
very great pressure of water 
without being crushed by it; 
the fluids contained within them 
pressing outward with as great a 
force as the liquid which sur- 
rounds them piess^ inwards. 
When a ship founders at sea, the great pressure at the bottom forces the 

water into the pores of the wood, and increases its weight to such an extent 

that no part can ever rise again. 

Upon what does 295. The prcssure upon the bottom of a vessel 
containing a liquid, is not effected by the shape 
of the vessel, but depends solely upon the area 
of the base, and its depth below the surface. 

This arises firom the law of equal distribution of pressure in liquids. Fig. 

112 represents two dififerent vessels 
having equal bases, and the same per- 




the pressare 
upon the bot- 
tom of a vessel 
containing liq- 
aid depend f 



Fig. 112. 



r> c 



JO.. 



... Cj pendicular depth of water in them* 
i Although the quantity of water con- 
j tained in one is much greater than in 
the other, the pressure sustained by 



' B these bases will be thesame. 

In a conical vessel, Fig. 113, Hie 
base, D, sustains a pressure measured by the height of the column, ABO 
B ; for all the rest of the liquid only presses on A B G B latersklly, and resting 

FiO. 113. Fio. 114. 




on the sides, E and F B, can tiot contribute any thing to the pressure on 
the base, D. But in a conical vessel, of the shape represented in Fig. 114, 
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How can we 
calculate the 
pressure upon 
ttie bottom of 
a Tessel con- 
tainins water t 



the pressure on A B a portion of the base, E F, is measored by the column 
A B G D as before ; but the other portions of the liquid not resting on the 
sides also press upon the bottom, E F ; and as the pressure of the column A 
B G D is transmitted equally, every portion of the base, E F, sustains an 
equal pressure as that portion of the base, A B, which is directly beneath the 
column, A B G D ; therefore the whole pressure on the base, £ F, is the 
same as if the vessel had been cylindrical, imd filled throughout to the height 
indicated by the dotted lines, G H. 

296. Hence, to find the presBaie of water upon the bottom of any vessel, 
we have the following rule : 

297. Multiply the area of the base by the 
perpendicular depth of the water, and this 
product by the weight of a cubic foot of 
water.* 

Thus, suppose the area of the ba% of a vessel to be 2 square feet, and the 
perpendicular depth of the water to be 3 feet; required the pressure on 
t^e bottom of the vessel, the weight of a cubic foot of water being assumed 
to be 1,000 ounces (see § 82). 
2X3— 6 cubic feet 
6X1,000—6,000 oz.— pressure on the base of the vessel 

* ** The actaal pressure of vater may also be ealonlsted frwa the fbUoirlng date. It to 
aacertained that theireight of a cubic inch of ifater of the common temperature of 62* 
Fahrenheit, is a portion of a pound expressed by the decimal 0*086066^ The pressure, 
therefore, of a column of water one foot high, baring a square inch for its base, will b« 
found by multiplying this by 12, and consequently will be 0*4328 lb. 

** The pressure produced upon a square foot by a o(dumn one foot h^^ will be found 
by multiplying this last number by 14fi, the number of square inches forming a square 
foot ; it will therefore be 02-8232 lbs. 

TdtU showing the pressure in lbs. per square inch and square foot, produced by water 
at various depths. 



^^i- 


Square Inch. 


Prcunre per 
Square Foot. 


%V 


PreMore per 


Square Foot. 




lbs. 


lbs. 




lbs. 


lbs. 


I. 


0-4328 


62-3232 


VI. 


2-6068 


873-9392 


n. 


0-8666 


124-6464 


VII. 


8-0296 


436-2624 


IIL 


1-2984 


186-9696 


VIII. 


8-4624 


498-6866 


IV. 


1-T312 


249-2028 


IX. 


8-8902 


660-9088 


V. 


2-1640 


311.6160 


X. 


4-3280 


623-2820 



" By the aid of the above table, the actual pressure of water on each part of the surfiM^ 
of a vessel containing it can always be determined, the depth of such part being given. 
Thus, for example, if it be required to know the pressure upon a square foot of the bot- 
tom of a vessel where the depth of the water is 25 feet, we find, from the above table, that 
the pressure upon a square foot at the depth of 2 feet is 124-6464 lbs. ; and, consequently, 
the pressure at the depth of 20 feet is 1246*464 lbs. ; to tbis, let the pressure at the depth 
of 6 feet, as given in the table, be added: 1246-464-}-311 -616= 1558-080 lbs., which is, there* 
fore, the required pressure. 

^ If the liquid contained in the vessel be not water, but any other whose relative weight 
compared Vith water is known, the calculation is made first for water, and the result being 
multiplied by the number expresdng the proportion of the weight of the given liquid to 
that of water, the result win be the required pressure." —Xoniner. 
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How is the ^8* ^s liquids transmit pressure equally in 
fiS35*^x^«d ^11 directions, this pressure will act sideways 
laterauyf g^g ^^jj ^^ downward, and the pressure at any 
YiQ 115. point upon the side of a vessel con- 

taining a liquid, will be in propor- 
tion to the perpendicular depth of 
that point below the surface. 

Fig. 115 represents a vessel of water with 
orifices at the side, at different distances fit>m 
the surface. The water will flow out with a 
force proportionate to the pressure of the water 
at thdse several points, and this pressure is 
^ L . I ^ proportionate to the depth helow the surfece. 

J , ^^'^^'^J \ Thus, at a the water will flow out with the 

least force, because the pressure is least at that 
point At b and c the force and pressure will be greater, because they are 
situated at a greater depth below the surface. 

Hour ma the ^^^' "^^ ^^^ *^® prcssure upou the side of a 
pleasure npon vesscl Containing water, multiply the area of 
veawi of water the sido bv ouo half its whole depth below the 

be calculated ? « ^ i . 

surface, and this product again by the weight 
of a cubic foot of water. 

Suppose A C, Fig. 116, to represent the section of the 
side of a canal, or a vessel filled with .water, and let the 
whole depth, A G, be 10 feet : then at the middle point, 
B, the depth, A B, will be 5 feet Now the pressure at 
is produced by a column of water whose depth is 10 
feet, but the pressure at B is produced by a column 
whose depth is 5 feet, which is the average between the 
pressure at the surface and at the bottom, or the average of the entire pressure 
upon the side. Hence the total pressure upon the side of a vessel containing 
water will be equal to the weight of a column of water whose baae is equal to 
the area of that side, and whose height is equal to one half the depth of the 
liquid in the vessel, or, in other words, to the depth of the middle point of the 
side below the surface. 

Wh ghonid ^^ *^® pressure upon the sides of a reservoir containing wap 
an embankment ter increases with the depth, the walls of embankments, dams, 
OT^'^the'^b^ canals, etc., are made broader or thicker at the bottom than 
torn than at the at the top (as in Fig. 114). For the same reason, in ofder to 
^ render a cistern equally strong throughout, more hoops should 

be placed near the bottom than at the top. • 

If a sur&oe equal to the side of a vessel containing liquid were laid upon 
the bottom, then the pressure upon the sur&bce would be double the actual 
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pressure on the side; for in this instance the snr&oe sustains the weight of a 
column equal in height to the whole depth, while the ooltimn of prenure upon 
the side is only equivalent to one half the depth. 

Hov does the 300. Thc octual pressure produced upon 
S^S'^antity the bottom and sides of a vessel which con- 
^^t^uTSs tains a liquid, is always greater than the 
ireigut? weight of the liquid. 

In a cabical vessel, for example, the piCBum o npon the bottom will be 
equal to the weight of tbe fiqoid, and the pressoie <m each of the four sides 
will be equal to one half the weight; oonaequently the whole pressure on the 
bottom and sides will be equal to three times the weight of the liquid, 

lawhatoondi. 301. Tho suiface of a liquid when at rest is 

tion is the sur- t -rr t 

faceof aliquid alwayS HORIZONTAL, Or L£Y£L. 

. The particles of a liquid having perfect freedom of motion 
TO^ice of a U^ among themselves^ and all being equally attracted by gravita- 
qoid at rest tion, the whole body of liquid will tend to arrango itself in 
**^^ ' such a manner that all the parts of its surfiice shall be equally 

distant from the earth's center, which is the center of attraction. 
__, . . A perfectly level surface really means one in which every 

true definidon part of the surface is equally neftr the center of the earth; it 
jLfaS? *"*^*' must be, therefore, in fact, a spherical suifiice. But so large 

is the sphere of which such a surface fonns a part, that in 
reservoirs and receptades of water of limited extent, its sphericity can not be 
noticed, and it may be considered as a perfect plane and level; but when the 
surface of water is of great extent, as in the case of the ocean, it exhibits this 
rounded form, conforming to the figure of the earth, most perfectly.* This 
sphericity of the sur&ce of the ocean is Ulustrated by the fact, that the masts 
of a ship appproaching us at sea, are visible long before the hull of the 
Fig. 11 Y. vessel can be seen. In Fig. 

^ -Jj^A ^^^ ^^^ *^^* P^ ^^ *^^ 

^ ""■III '^^ rfjip above the line A C can 

be seen by the spectator at 

A, because the rest of tho 

vessel is hidden by the swell 

of the curve of the surface of the ocean, or rather of the earth, D E. 

In what man. * 302, Water, or Other liquids will always rise 

Sid riS "to"*"* to an exact level in any eeries of different 

Srlieis*^^ tubes, pipes, or other ressels communicating 

Trtthwjb"other? with cach othcr. 

• A hoop ranoaading the earth wonld bend from a perfectly straight line eight inches 
in a mUe. Conaeqiiently» if a s^fment of the surface ot the earth, a mile long were 
cut off; and laid on a perfect plane, the center of the segment would be only four inches 
higher than the edges. A small portion of it, therefore, for all ordlr ary purposes, may 
Iweossldsied as a perfect plane. 
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On -rhat prin- 
ciple are we 
enabled to oon^ 
vey water in 
aqueducts orer 
uneven sur- 
faoes? 




This &ct is soffidently illustrated 
by reference to Fig. 118. 

303. It is upon 

the application of 

the principle that 

water in pipes will 

always rise to the 
height, or level of its source, that all 
airaogemeiits for ootiTeying water 
over uneven sor&ces in aqaeductS) or closed pipes depend. The water 
brought from any reservoir or source of supply, in or near a town or building, 
may be delivered by the effect of gravity alone to every location beneath the 
level of the reservoir; the result not being affected by the inequalitifis of the 
surface over which the water pipes may pass in their connection between the 
reservoir and the point of delivery. So long as they do not rise above the 
level of the source of supply, so long will the water continue to flow. 

Fig. 119 represents the line of a modem aqueduct:— a a a represents the 
water level of a pond or reservoir upon elevated ground. From this pond a 
line of pipe is laid, passing over a bridge or viaduct at d^ and under a river at 
c The fountains at h 5, show the stream rising to the level of its source in 
the pond o^ at two points of very different elevation. 

Fia. 119. 




The ancients, in constructing aqueducts, do not seem to have ever practi- 
cally applied this principle, that water in pipes rises to the level of its source. 
When, in conducting water from a distant source to supply a city, it became 
necessary to cross a ravine or valley, immense bridges, or arches of masoniy 
were built across it, with great labor and at enormous expeyse, in order that 
the water-flow might be continued nearly horizontally. At the present day, 
the same object is effected more perfectly by means of a simple iron pipe, 
bending in conformity with the inequalities of surface over which it passes. 

In the construction of pipes for conveying water, it is neces- 
sary that those parts which are much below the level of the 
reservoir, should have a great degree of strength, since they 
sustain the bursting pressure of a column of water whose 
height is equal to the difference of level. A pipe with » 
diameter of 4 inches, 150 feet below the level of aresersroir, should have suf- 



In what man* 
ner should 
pipes for the 
conveyance of 
water be con- 
structed ? 
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Fig. 120. 




ficient strength to bear with security a bursting pressure of nearly 5 tons for 
each foot of its length. 

Upon the principle that water tends to rise to the level of its source, orna- 
mental fountams may be constructed. Let water spout upward through a pipe 
communicating with the bottom of a deep vessel, and 
it will rise nearly to the heiglit of the upper sur- 
feoe of the water in the vessel The resistance of 
the air, and the falling drops, prevent it from rising 
to the exact level Let A, Fig. 120, represent a 
cistern filled with water to a constant height, B. 
If four bent pipes be inserted in the side of the 
cistern at dififerent distances below the surface, the 
water will jet upward frwn all the orifices to nearly 
the same level 

The phenomena of Artesian WeUs, and the plan 
of boring for water, depend on the same principle.* 

An Artesian Well is a cylindrical 
excavation formed by boring into the earth 
with a species of auger, until a sheet or vein of water is 
found, when the water rises through the excavation. Such 
excavations are called Artesian, because this method was 
employed for obtaining water at Artois in France. 

Why does the "^® reason that the water rises in Artesian, and sometimes 
water rise in in ordinary wells, to the surface, is as follows: The surface 
WeU?'^**^^ of the globe is formed of dififerent layers, or strata, of different 
materials, such as sand, gravel, clay, stone, eta, placed one 
upon the other. In particular situations, these strata do not rest horizontally 
upon one another, but are inclined, the different strata being like cups, or 
basins placed one within the other, as in Fig. 121. Some of these strata are 
composed of materials, as sand or gravel, through which water will soak most 



What is an Ar- 
iWeU? 



304. 



Fia. 121. 



readily; while other strata, 
like clay and rock, vrill not 
allow the water to pass 
through them. If, now, 
we suppose a stratum like 
sand, pervious to water, to 
be included as at a a, Fig 
121, between two other 
strata of clay or rock, the 
water falling upon the un- 
covered margin of the sandy stratum a a, will be absorbed, and penetrate through 
its whole depth. It will be prevented from rising to the surface by the im- 
pervious stratum above it, and from sinking lower, by the equally impervious 
stratum below it. It will, therefore, accumulate as in a reservoir. IfJ now, we 





136 WELLS»S NATURAL PHILOSOPHY. 

bore down through the upp^ stratum, as at 5, until we reach the stratum 
containing the water, the water will rise in the excavation to a certain height, 
proportional to the height or level of the water accumulated in the reser- 
voir a a from which it tlow&* 

305. The rain ^hidi &lls upon the surface of the earth 
gin of springs y' sinks downward through the sandy and porous soil, un- 
til a bed of day or rock, through which the water can not 

penetrate, is reached. Here it accumulates, or runnmg along the surface 
of the impervious stratum, bursts out in some lower situation, or at some point 
where the impervious bed or stratum comes to the surface in consequence of a 

valley, or some depression. 
^^^- ^^^' Such a flow of water consti- 

tutes a spring. Suppose a, 
Fig. 122, to be a gravel hill, 
and b a strs^m of clay or 
rock, impervious to water. 
The fluid percolating through 
the gravel would reach the 
impervious siratum, along whicn ii wouid run until it found an outlet at c^ at 
the foot of the hill, where a spring would be formed. 

306. If there are no irregularities in tiie surface, so situated 
collect in an%r> as to allow a Spring to burst forth, or if a spring issues out 
dinary well ? ^^ qqjj^q point of the porous earth considerably above the sur- 
fece of the clay, or rock, upon which at some depth all such earth rests, the 
water soaking downward will not all be drained off, but will accumulate, and 
rise among the particles of soil, as it would among shot, or bullets, in a water- 
tight vessel If a hole, or pit, be dug into such earth, reaching below the 
level of the water accumulated in it, it will soon be filled up with water to 
this level, and will constitute a weU. The rea^n why some wells are deeper 
than others, is, that the distance of the impervious stratum of clay below the 
sur&ce is different in different localities. 

^ , ^ 307. All wells and springs, therefore, are merely the rain- 

Prom what ^ ... , , . X XI- _xt- . • A 

Boarce do aU water which has sunk mto the earth, appeanng again, and 

BSneB*dtrive gradually accumulating, or escaping at a lower level. 

their water? 308. The property of liquids to assume a horizontal sur- 

What is a &ce is practically taken advantage of in ascertaining whether 

^ater, or a surface is perfectly horizontal, or level, and is accomplished 

by means of an instrument known as the " Watbr" or 

*' Spirit Level." This consists of a -small glass tube, h c, Fig. 123, filled 

with spirit, or water, except a small space occupied with air, and called 

* In the great Artesian wells of Grenelle, near Paris, and of EisBingen, in Bavaria, the 
water rises from depths of 1,800 and 1,900 feet to a considerable height above the surface 
of the earth. The well of Paris ia capable of suppljdng water at the rate of 14 millions 
of gallons per day. The region of country in which this water fell, from the curvature 
of the layers, or strata of material through which the excavation was made, must have 
heen distant two hundred miles or morot 
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^ - the air-bubble, a. In wbaterer position the tabe 

maybe placed, the babble of air will rest at the high- 

^ < . ^j >^ est point If the two ends of the tube aie level, or 

\Z fj perfectly horizontal, the air-bobble will remain in 

the center of the tube ; but if the tube inclines ever 
so little, the bubble rises to the higher end. For practical use the glass-tube 
is inclosed in a wood, or bnas case, or bo3^ 

u h t rin- ^^' '^^ niethod of cooductmg a eanal through a ooimtry, 
cipie «re^canAi8 the sur&ce of which ia not perfectly horizontal, or lerel, de- 
o*e^atcd?^ *°^ pends upon this same property of Kquids. In order that boats 
may sail with ease in both directions of the canal, it is neces- 
sary that HiB surface of the water should be leveL If one end of a canal 
were higher than the other, the water would run toward the lower extremity, 
overflow the banks, and leave the other end *dry. But a canal larely, 
if ever, passes tBrough a section of country of any great extent, which is 
not inclined, or irregular in its surface. By means, however, of expedients 
called Locks* a canal can be conducted along any declivity. In the forma- 
tion of a canal, its course is divided into a aeries of levels corresponding 
with the mequalities of the surface of the eoontry through which it passes. . 
These levels communicate with each other by locks, by means of which 
boats passing in any direction can be elevated, or lowered with ease, rapidity, 
and safety. 

Fia. 124. Jig, 124 represents a section of 

a lock, and Fig. 125 the eonstruo- 
tioD of the Lock Gates. The sec- 
tion of Fig. 125 represents a place 
where there is a sndden fell of the 
ground, along which the canal has 
to pass. A B and C D are two 
gates which completely intercept 
the course of the water, but at the same time admit of being opened and 
dosed. A H is the level of the water in that part of the canal lying 
above the gate A B, and E F and F G the levels below the gate A B. The 
part of the canal mduded between two gates, asEF, is called a lock, because 
when a vessel is let into it. it can be shut by closing both pair of gates. K 
now it is required to let a boat down from the higher level, A H, to the lower 
level, B a, the gates C D are closed tightly, and an opening made in the 
gates A B (shown in Fig. 125), which allows the water to flow graduaUy from 
A H into the lock A E F C, until it attains a common level, H A C. The 
gate A B is then opened, and the boat floats into the lock A B C D. The 
gates A B are then closed, and an opening made in gates C D, which allows 
the water to flow fix)m the space A E F C, until it comes to the common 
level, B F G. The gate D is then opened, and the boat floats out of 
the locks into the continuation of the canal To enable a boat to pass from 
the lower level, B F G, to the superior level, A H, the process here described 
is reversed. 
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With what 
force is a float- 
ing body press- 
ed upward ? 

How much 
water will a 
solid immersed 
in it displace ? 



What is Buoy- 
ancy? 



310. When a solid is immersed in a liqnid 
it will be pressed upward with a force equal 
to the weight of the liquid it displaces. 

311. A solid immersed in water will displace 
as much of the liquid as is equal in volume to 
the part immersed. 

312. Buoyancy is the name applied to the 
force by which a solid immersed in a liquid is 

heaved, or pressed upward. 

The resistance oflfered when we attempt to ank a body lighter than water 
in that liquid, proves that the water presses with a fisroe upward as well as 
downward. Upon this £ict the laws of floating bodies depend ; and for this 
reason the bottoms of large ships are constructed with a great degree of 
strength. 

313. A body floating upon a liquid is main- 
tained in EQUiLiBRio by the operation of grav- 
ity drawing the mass downward, and by the 
pressure of the particles of the liquid upon 

which it rests, pressing it upward. 

314 In order that a body may float with sta- 
bility, it is necessary that its center of gravity 
should be situated as low as possible. 



How is a body 
floating upon a 
liquid main- 
tained in equi- 
Ubrio? 



What is 
tial to the sta- 
bility of a float- 
ing body ? 
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When is » 
floating body 
in its most sta- 
tde porition t 



When will a 
solid float, and 
irhen sink ? 



What is the For this reason, all vessels which are light in proportion to 

STveMeUi?**** *^®^^ ^^^' '^^^"^ *® ^® ballasted by depositing in tiie lowest 
portions of the vessel, immediatelj above the keel, a quantity 

of heavy matter, usually iron or stone. The center of gravky may thus be 

brought 80 low that no force of the wind striking the vessel sideways can 

capsize it. By raismg the center of gravity, as when men in a boat stand 

upright, the equilibrium is rendered unstable. 

A body floating is most stable when it floats upon its great- 
est surface: thus a plank floats with the greatest stability 
when placed flat upon the water; and its position is unstable 
when it is made to float edgewise. 

A solid can never float that is heavier, bulk for bulk, than 
the liquid in which it is immersed. 

If the weight of a sofid be exactly equal to the weight of 

an equal bulk of liquid, it will sink in it until it is entirely immersed ; but 

when once it js entirely immersed, then, the upward and downward pressure 

being equal, the solid will neither sink or rise, but will remain suspended 

at any depth at which it may be placed. 

Let A B, Fig. 126, be a cube of wood floating in 

water; then the weight of the water displaced, or 

the weight of a volume of water equal to A B, is 

equal to the whole weight of the wood; since the 

upward pressure on the bottom of A B is the same 

as that which would support a portion of water 

equal in bulk to the displaced water, or to the cube 

A B ; and as the downward pressure of the body 

is equal to the upward pressure of the liquid, it fol- 
lows that the weight of the cube is equal to the 

weight of the water displaced. Hence A B will 

neither sink or rise. 
A mass of ston^, or any other heavy substance 

beneath the sur&oe of water is more easily moved 

than upon the land because, when immersed in the 

water, it is lighter by the weight of its own bulk of 

water than it would be on land. A boy will often wonder why he can lift a 

stone of a certam weight to the surface of water, but can carry it no farther. 

The least force^ will lifl; a bucket immersed in water to the sur&ce ; but if it 

be lifted ferther, its weight is felt just in proportion to the part of it which is 

above the sur&ce. 
The weight of the human body does not differ much from the weight of its 

own bulk of water; consequently, when bathers walk in water chin-deep, 

their feet scarcely press upon the bottom, and they ha^ not sufficient hold 

upon the ground to give them stability ; a current, therefore, will easily take 

them off their feet 
The fikcility with which different persons are able to float or swim, depends 

upon the physical constitution of the body. Corpulent people are lighter, 
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bulk fi)r bulk, than those of sparer habits: and as ist possesses a less specific 
gravity than water, a fat person will swim or float easier than a thin one. 

315. It is not, however, necessary, in order that a body should float upon a 
liquid, that the.materials of which it is composed should be spedflcally lighter 
than the liquid. If the entire mass of a solid is lighter than an equal Yolume 
of the liquid, it will float. 

A thick piece of iron, weighing half an ounce, loses in water nearly one 
eighth of its weight ; but if it is hammered into a plate or vessel, of such a 
form that it occupies eight tim.es as much space as before^ it will liien weigh 
less than an equal bulk of water, and will consequently float, sinking just to 
the brim. If made twice as large, it will displace one ounce of water, conse- 
quently, twice its own weight; it will then sink to the middle, and can be 
loaded with half an ounce weight before sinking entirely. 
How can » 816« -^ body composed of any material, how- 
SS^an^^ ever heavy, can be made to float on any Kquid, 
b?^i:2Lir*'to however light, by giving it such a shape as 
float? ^j2j render its bulk or volume lighter than an^ 

equal bulk of water. 

Iron ships and boats are illustrations of this principle. A ship canying a 
thousand-tons* weight will displace just as much water, or float to the same 
depth, whether her cargo be feathers, cotton, or iron. A ship made of iron 
floats just as high out of water as a ship of similar fbrm and size made of 
wood, provided that the iron be proportionally thmner than the .wood, and 
therefore not heavier on the whole. 

The buoyancy of hollow solids is frequently used for lifting or supporting 
heavy weights in water. Life-preservers, which are inflated bags of India- 
rubber, are an example. Hollow boxes, or tanks, are used for the purpose 
of raising sunken vessels. These boxes are sunk, filled witii water, and 
attached to the side of the vessel to be raised. The water, by a connection 
of pipes, is then pumped out of them, when the upward pressure of the liquid 
becoming greater than the gravity or weight of the entire mass, the whole 
will rise and float 

TowhatiBthe 317. The buoyancy of liquids is in propor- 
iSuidT^opo?^ tion to their density or specific gravity, or, in 
tionai? other words, a solid is buoyant in a liquid, in 

proportion as it is light, and the liquid heavy. 

Thus quicksilver, the heaviest, or most dense fluid known, supports iron 
upon its sur&ce; and a man might float upon mercury as easily as a cork 
floats upon water. Many varieties 'of wood which will sink in oil, float 
readily upon water. ^ 

318. The principle that the buoyancy of liquids varies in proportion as their 
specific gravity varies, fiimishes a very ready method of determining the spe- 
cific gravity of a liquid. This is done by means of an instrument called the 
hydrometer* 
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What is a Hy- 
drometer? 



How may the 
specific grav- 
ity of a liquid 
he determined 
by the Hy- 
drometelr f 




319. The Hydrometer con- Fia. 127. 
sists of a hollow glass tube, 
on the lower part of which a spherical 
bulb is blown, the latter being filled with 
a suitable quantity of small shot, or 
quicksilver, in order to cause it to float, 
in a vertical position. The upper part 
of the tube contains a scale graduated 
into suitable divisions. (See Fig. 127.) 

It is obvious that the hydrometer 
will sink to a greater or less depth in 
dlflferent liquids ; deeper in the lighter ^ 
ones, or those of small specific gravity, g 
and not so deep in those which are 
denser, or which have great specific gravity. The 
specific gravity of a liquid may, therefore, be estimated by the number of di- 
visions on the scale which remain above the surface of the liquid. Tables 
are constructed, so that, by their aid, when the number on the scale at which 
the hydrometer floats in a given liquid is determined by experiment, the spe- 
dflc gravity is expressed by figures in a column directly opposite that number 
in the table. 

There are various forms of the hydrometer especially adapted for determm- 
ing the density, or specific gravity, of spirits, oils, syrups, lye, etc. It affords 
a ready method of determining the purity of a liquid, as, for instance, alco- 
hoL The addition of water to alcohol adds to its density, and therefore m- 
creases its buoyancy. The addition of water, therefore, will at once be shown 
by the less depth to which the hydrometer will sink in the' liquid. The 
adulteration of sperm oil with whale, or other cheaper oils, may be shown in 
the same manner. 

320. For the reason that the buoyancy of a liquid is proportioned to its 
density, a ship will draw less water, or sail lighter by one thirty-fifth in the 
heavy salt water of the ocean, than in the fresh water of a river; for the 
same reason it is easier to swim in salt than in fresh water,* 

* " A floaMng bod? Bit kR to the same depth whether the mass of liquid supporting it 
be great or small, as is seen when an earthen cup is placed first in a pond, and then in a 
second cap only so much larger than itself, that a- very small quantity of water will suflfice 
to fill up the intenral between them. An ounce of water in this way may be made to float 
substances of ranch greater weight And If a large ship were received into a dock, or 
case, so exactly filling it that there were only half an inch of interval between it and the 
wall, or side of the containing space, it would float as completely when the few hogsheads 
of water required to fill this little interval up to its usual water-niark were poured in, as 
if it were on the high seas. In some canal locks, the boats just fit the place in which they 
have to rise and fall, and thua diminish the quantity of water necessary to supply th« 
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SECTION I, 



Explain the 
phenomena ob- 
served irhen 
the hand is 
planged into 
different liq* 
nids. 



CAPILLARY ATTRACTION. 

321. If we plunge the hand into a vessel of water, and 
withdraw it, it is Said to be wet ; that is, it is covered with a 
thin film, or coating of water, which adheres to it, in opposi- 
tion to the tendency of the attraction of gravitation to make 
it fall off. There is, therefore, an attraction between the par- 
ticles of the water and the hand, which, to a certain extent^ 

is stronger than the influence of gravitation. 

If now we plunge the hand into a vessel of quicksilver, no adhesion of the 
particles of the mercury to the hand will take place, and the hand, when 
withdrawn, will be perfectly dry. 

If we pjunge a plate of gold, however, into water and quicksilver, it will 
be wet equally by both, and will come out of the quicksilver covered with a 
wiiite coating of that liquid. 

It is, therefore, obvious that a certain molecular attraction exists between 
certain liquids and certain solids, which does not prevail to the same extent 
between others. 

322. That variety of molecular force which 
manifests itself between the surfaces of solids 
and liquids is called Capillaby Attbaction. 

This name originates from the circumstance, that this class 
of phenomena was first observed in small glass tubes, the 
bore of which was not thicker than a hair, and which were 
hence called Capillary T^ibeSj from the Latin word capiUtts, which signifies a hair. 
„ 323. If we take a series of glass tubes of very &ie bore, 

pUiary Attrac- but of different diameters, and place them in a vessel of w mi m\ 
toated ? ^^^ which has been colored in order to show the effect more strik- 
"^gly> "^6 shall see that the water wiU rise in the tubes to 
various heights, attaining the greatest degree of elevation in the smallest tube. 
Fig. 128. The height at which the same liquid will rise in 

any given tube is always uniform, but it varies for 
different liquids. 

Fig. 128 is an enlarged representation of the 
manner in which water will rise in tubes of differ- 
ent diameters. 

The simplest method of exhibiting capillary at- 
traction is to immerse the end of a piece of ther- 
mometer tube in water (see Fig. 129) which has 
been tinted with ink. The liquid will be seen to 
ascend, and will remain elevated in the tube at a 
considerable height above the surface of the liquid 
in the vessel 
The ordinary definition of capillary attraction is, that form of attraction which 



What Is Ca- 
pillary Attrac- 



Wliat is the 
origin of the 

term? 
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What will be 
the condition 
of the sarfaco 
of a liquid 
which wets the 
sides of the ves- 
s^ containing 
it? 

When the liq- 
uid does not 
wet the Bides 
of the Teasel, 
what will he 
the condition 
of itssurfkce? 




causes liquids to ascend above their level in capillary tubes. Fio. 129. 
It) however, is not strictly correct, as this force not only acts 
in elevating but in depressing liquids in tubes, and is at 
work wherever liquids are in connection with solid bodies. 

324. If a liquid be poured into a vessel, as 
water in glass, whose sides are of such a nature 
as to be wetted by it, the liquid will be elevated 
above the general level of its surface at the 
points where it touches the sides of the ves- 
sel This is shown in Fig. 130. 

If) however, the liquid is poured into a 
vessel whose sides are of such a nature that 
they are not wetted by it, as m the case of 
quicksilver in a glass vessel, then the liquid 
will be depressed below the general level of its surface at tho 
points where it comes in con- 
tact with the sides of the ves- 
sel. This is shown m Fig. 131. 
325. If two plates of glass, 
A and B, Fig. 132, be plunged 
into water at their lower ex- 
tremities, with their faces ver- 
tical and parallel, and at a cer- 
tsm distance asunder, the water will rise at the points m and ti, where it is in 

contact with the glass; but at 
Fig. 132. jm intermediate points, beyond 

a small distance from the plates, 
the general level of the surfaces 
E, C, and D, w.ill correspond. 

If the two plates, A and B, 
ar© brought near to each other, 
as in Fig. 133, the two curves, 
m and ti, will unite, so as to form 
a concave sur&ce, and the water 
at the same time between them will be raised above the general level, E and 






Fig. 133. 



D, of the water in the vessel If the plates 
be brought still nearer together, as in Fig. 134, 
the water between them will rise still higher, 
tlie force which sustains the column being m- 
creased as the distance between the plates is 
diminished 

326. The height to 

which water will rise in "" 

capillary tubes is in proportion to the small- 
ness of their diameters. 



To what is the 
deration of 
water in capil- 
lary tnhes pro- 
portioned f 
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Fia. 134. 




Fig. 135. 




Thus in two tubes, one of which 13 double 
the diameter of the other, the fluid will rise 
to twice the height in the small tube that 
it will iu the larger. The truth of this 
principle can be made evident by the fol- 
lowing beautiful and simple experiment 
Two square pieces of plate-glass, C and B, 
Fig. 135, are arranged so that theu- sur- 
faces form a minute angle at A. This po- 
sition may be easily given them by fasten- 
ing with wax or cement. When the ends of 

the plates are placed in the water, as shown in 

the figure, the water rises in the space between 

them, forming the curve, which is called an 

hyperbola. The elevation of the water between 

the two surfaces will be the greatest at the 

points where the distance between the plates is 

the least 

327. The figure of the surfece wliich bounds 

a liquid in a capillary tube will depend upon 

the extent of the attraction which exists between 

the particles of the liquid and the sur&ice of 

the tube* Thus, a column of water contamed in a glass capillary tube will 

have a concave form of sur&ce, as in Fig. 136, since the „ .g^ 

attraction of glass for water exceeds the attraction of the 

particles of water for each other; a surface of mercury, on 

the contrary, in a similar tube, will be convex, see Fig. 

13Y, since the attraction of glass for mercury is less thaa 

the mutual attraction of the particles of mercuxy. 

328. In^ a capillary -tube a 
liquid will ascend above its 
general level, when it wets the 
tube ; and is depressed below its level when 
it does not wet it. 

How ma a ^^^* ^**^® surface of a body repels a liquid, such a body, 
needle be made thoi^h heavier, bulk for bulk, than the liquid, may, \inder 
water?* ^^^ ^^^ circumstances, float upon it; and so present an appareni 
exception to the general hydrostatic law by which solids 
which are heavier than liquids, bulk for bulk, will sink in them. An exam- 
ple of this may be shown by slightly greasing a fine sewing-needle, and then 
placing it Carefully in the direction of its length upon the surface of water. 
The needle, although heavier, bulk for bulk, thg^n water, will float 

The power of certain insects to walk upon the surface of water without 
sinkincr, has been explained upon the same principle. The feet of these in- 
sects, like the greased needle, have a capillary repulsion for the water, and 



Fig. 13T. 



When will a 
liquid be ele> 
vated and when 
depressed in a 
capillary tube t 
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when they apply them to the sortace of water, instead of smking in it, they 
produce depressions upon it. 

For a like reason, water will not flow through a fine sieve, the wires of 
which have been greased.. 

^«rv -^,1 330. A liquid will not wet a solid when the 

When will » ^ ^ ., * . 

liquid '»a to force of adhesion developed between the par- 
ticles of*the liquid and the surface of the solid, 
is less than half the cohesive force which exists between 
the particles of the liquid. 

331. The &ct of the strong adhesion Eia. 138. 

"EopePump?" which exists between water and the 
fibers of a rope^ has been taken ad- 
vantage of in the construction of a kind of pump, called 
the "Rope," or "Vera's" Pump, Fig. 138. It con- 
sists of a cord passing over two wheels, a and 5, the 
lower one of which is immersed in water. A rapid 
motion is given to the wheels by means of the crank 
(^ and the water, by adhering, follows the rope in its 
movements, and is discharged into a receptacle above. 

,„^ ^ . Illustrations of capillary attraction 

What are fa- «.,..,. « 

miliar illustra- are most familiar m the expenence of 

^a^^n? everyday life. The wick of a lamj^ 
or candle, Ms the oil, or melted grease 
which supplies the flame, firom a surface often two or 
three inches below the point of combustion. In a -:^^^^=^-^:y^-^ 
cotton-wick, which is the material best adapted for this purpose, the mi- 
nute, separate fibers of the cotton themselves are capillary tubes, and the in- 
terstices between the filaments composing the wick are also capillary tubes ; 
in these the oil ascends. The oil, however, can not be lifted freely beyond a 
certain height by capillary attraction : hence, when the surface of the oil is 
low in the lamp, the flame becomes feeble, or expires. 

If the end of a towel, or a mass of cotton thread, be immersed in a basin of 
water, and the remainder allowed to hang over the edge of the basin, the 
water will rise through the pores and interstices of the cloth, and gradually 
wet the whole towel. In this way the basin may be entirely emptied. 

If sand, a lump of sugar, or a sponge, have moisture beneath and slightly 
in contact with it, it will ascend through the pores by the agency of capillary 
attraction in opposition to gravity, and the entire mass will become wet 

The lower story of a house is sometimes damp, because the moisture of the 
ground ascends through the pores of the materials constituting the walls of 
the building. Wood imbibes moisture by the capillary attraction of its pores, 
and expands or swells in consequence. This fact has been taken advantage 
of for splitting stones ; wedges of dry wood are driven into grooves cut in the 
stone, and on being moistened, swell with such irresistible force as to split 
the block in a direction regulated by the groove. 

1 
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Fig. 139. 



An immense weight suspended hy a dry rope, may be raised a little way, 
by merely wetting the rope ; the moisture imbibed by capillary attraction mto 
the substance of the rope causes it to swell lateraUy and become shorter. 

Capillary attraction is also instrumental in supplying trees and plants with 
moisture through the agency of the roots and underground fibera 

What an the S^^- ^^^ tenns ExosMOSE and Endosmose 
6xo"^w*and ^^ applied to those currents in contrary direc- 
Endosmoae? ^j^j^g ^hich are established between two liquids 
of a different nature, when they are separated frona. each 
other by a partition composed of a membrane, or any porous 
substance. 

The name Endosmose^ derived from a 
Greek word, signifies going in^ and is ap- 
plied to the stronger current; while the 
name Exosmose, signifying going out, id 
applied to the weaker current 

The phenomena of Endosmose and Ex?- 
osmose^ which'are undoubtedly dependent 
on capillary attraction, may be illustrated 
by the following simple experiment : — ^If 
we take a small bladder, or any other mem- 
branous substance, and having &stened it 
on a tube open at both ends, as is repre- 
sented in Fig. 139, fill the bladder with 
alcohol, and immerse it, connected with 
tlie tube, in a bashi of water, to such an 
extent that the top of the bladder filled 
with alcohol corresponds with the level 
of the water in the vessel, in a short 
time it will be observed, that the liquid 
is rising in the tube connected with 
the bladder, and will ultimately reach the 
top and flow over. This rising of the al- 
cohol in the tube is evidently due to the 
circumstance that the water permeates 
through the bladder, with a certain de- 
gree of force, producing the phenomena 
which we call endosmose^ ^^ going in f^ the effect being to elevate the alcohol to 
a considerable height in the tube. At the same time, a certain quantity of 
the alcohol has passed out through the pores of the bladder, and mixed with the 
water in the external vessel This outwa/d passage of the alcohol we call 
fiocosmosCj *' going out." A less quantity of the alcohol will pass out of the 
bladder in a given time to mingle with the water, than of the water will pass 
in, and consequently the bladder containing the alcohol having more liquid 
in it than at first, becomes strained, and presses the liquid up in the tube. 
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If we have a box divided by a partitioii of porous day, or any other eub- 
stanoe of like nature, and place a quantity of syrup on one side, and water on 
the other, or any other two liquids of different densities which freely jnix with 
one another, currents will be established between the two in opposite direc- 
tions through the porous partition, until both are thoroughly mingled with 
each other. 

333. If a liquid is placed in contact with a surface of 
the body, divested of its epidermis, or outer skin, or in 
contact with a mucous membrane, the liquid will be ab- 
sorbed into the vessels of the body through the force of 
endosmose. 

•PRACTICAL QUESTIOKS AKD PROBLEMS IN HYDROSTATICS. 

1. Why are stones, gravel, and sand so easily moved l»y waves and currents t 
Because the moving water has only to overcome about half the weight of 

the atoneu 

2. Why eaa a stone ▼hioh, on land, reqnlxes the stranglih of two men to lift it, be 
lifted and carried in water by one man T 

Because the water holds up the stone with a force equal to the weight of 
the volume of water it displaoe& 

3. Why does cream rise npon milk T 

Because it is composed of particles of oily, or &Aty matter, which are lighter 
than the watery particles of the milk. 

4. How are fishes able to ascend and descend quickly in water f 

They are capable of changing their bulk by the voluntary distensioii, or 
oontractum of a membraneous bag, or air bladder, included in their organiza* 
tKm ; when this bladder is distended, the fish increases in size, and being of 
less specific gravity, i.e., lighter, it rises with facility; when the bladder is 
contracted, the size of the fish diminishes, and its tendency to sink is increased. 

5. Why does the body of a drowned person generally rise and float upon the surface 
several days after death t 

Because, fi^m the accumulation of gas within the body (caused by incipient 
putre&ction), the body becomes specifically lighter than w&ter, and rises and 
floats upon the sur&ce. 

6. How are life-boats prevented from sinking ? 

They contain in their sides air-tight cells, or boxes, filled with air, which by 
their buoyancy prevent the boat from sinking, even when it is fiUed with water. 

7. Why does blotting-paper absorb ink? 

The ink Is drawn up between the minute fibers of the paper by capillary 
attraction. 

8. Why will not writing, or sized paper, absorb ink ? 

Because the sizing, being a species of glue into which writing papers are 
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dipped, fills up the little interstices, or spaces, between the fibers, and in this 
way prevents all capillary attraction. 

9. Why is vegetation on the margin of a stream of water more loxariant than in an 
open field ? 

Because the porous earth on the bank draws up water to the roots of the 
plants by capillary attraction. 

10. Wh7 do persons who water plants in pots frequently pour the water into the sau- 
cer in which the pot rests, and not over the plants f 

Because the water in the saucer is drawn up by capiUary attraction through 
the little interstices of the mold with which the pot is filled, and is thus pre- 
sented to the roots of the plant 

IL Why does dry wood, immersed in water, swell ? 

Because the water enters the pores of wood by capillary attraction, and 
forces the particles further apart fit>m each 'other. 

12. Why will water, ink, or oil, coming in contact with the edge of a book, soak fur- 
ther in than if spilled upon the sides ? 

Because the space between the leaves acts in the same manner as a smaU 
capillary tube would — ^attracts the fluid, and causes it to penetrate fer inward. 
The fluid penetrates with more difficulty upon the side of the lea^ because 
the pores in the paper are irregular, and not continuous from leaf to lea£ 

13. In a hydrostatic press, the area of the hase of the piston In the force-pump Is one 
square inch, an^ the area of the base of the piston in the large cylinder Is fourteen square 
inches ; what will be the force exerted, supposing a power of eight hundred pounds ap- 
plied to the piston of the force-pump ? ' J '*'.'. '^ '. ' * 1 " ' 

14. A flood-gate is five feet in breadth, and sixteen feet in depth : what will be the 
pressure of water upon it in pounds ? ' JT j * ^ ^f ('^\t''jX\\ ' ^^>^>v_l5^ 

15. What pressure will a vessel, having a superficial area of three feet, sustain when 
lowered into the sea to th(^depth of five hundred feet T 

' * * I^. Wfikt pressure is Wcerted upon the body of a diver at the depth of sixty £aet, sup- 
, posing tli^ superficial ar^a of his body to be two and a half square yards f 
C. . i^ L'< 17?WTiJit wUfl^ lhfe^pr4s*ite upon a dam, the area of the side of which is one hun- 
dred and fifty superficial feet, and the height of the side fifteen feet, the water rising even 
with the top? 

• CHAPTER IX. 

HYDRAULICS. 

What is the ^^^' HYDRAULICS is that department of 
science of Hy- phvsical scieiice which treats of the laws and 

draulics? ^-'^ «,..,. . . ^ 

phenomena of liquids in motion.^ 

Hydraulics considers the flow of liquids in pipes, through orifices in the 
sides of reservoirs, in rivers, canals, etc., and the construction and operation 
of all machines and engines which are concerned in the motion- of liquids. 
• From v6o}p (hudor), water, and av\6c (aulos), a pipe. 




What is the re- 
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Upon what does 335. When an opening is made in a reser- 
^Vi^r^u^^ voir containing a liquid, it will jet out with a 
depend? velocitj proportioned to the depth of the aper- 

ture below the surface. 

Fia. 140. Supposing the surface of water in a vessel, D, Fig. 

140, to be kept at a constant height by the water 
flowing into it, and that the water flows out through 
opf^nings in the side of precisely the same size ; then 
a quart measure would be filled from the jet issuing from 
B as soon as a pint measure from the upper opening, A. 
As the flow of liquids is in consequence of the at- 
traction of gravity, and as the pressure of a liquid is 
\ equal in all directions, we have the following princi- 
^ pie established : — 
336. The velocity which the particles of a 
Sd£win%TOm ■'^^^^^ acquire when issuing from an orifice, 
* nS^**^ whether sideways, upward, or downward, is 
equal to that which they would have acquired 
in falling perpendicularly through a space equal to the 
depth of the aperture below the surface of the liquid. 

Thus, if an aperture be made in the bottom, or side, of a vessel containing 
water, 16 feet below the sur&ce, the velocity with which the water will jet 
out will be 32 feet per second, for this is the velocity which a body acquires 
in falling through a space of 16 feet 

As the velocity acquired by a falling body is as the square root of the space 
through which it falls, the velocity with which water will issue from an aper- 
ture may be calculated by the following rule : — 

How may the ^37. The vclocity with which water spouts 

S*iJid%o?dng ^^^ fr^^ ^°y aperture in a vessel is as the 

v'S^bJ ^I square root of the depth of the aperture below 

^ted? i\^Q surface of the water. 

. The water must, therefore, flow with ten times greater velocity from an 

opening 100 inches below the level of the liquid, than from a depth of only 

one inch below the same level. 

What is the ^^®* -^^^ theoretical law for determining the qwmtity of 

theoretical law water discharged from an orifice is as follows: — 

ing the quani Thc quantity of water discharged from an ori- 
dUh^rged* ^ fice in each second may be calculated by multi- 
tS™?*^" *^'' plying the velocity by the area of the aperture. 

The above rjiles for calculating the velocity and quantity of water flowing 
from orifices, are not found strictly to hold good in practice. The friction 
of water against the sides of vessels, pipes, and apertures, and the formation 
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of what is called the "contracted vein," tend very much to diminish the mo- 
tion and discharge of water. ^ , .. 
wh t ia fch Whenwaterflows through a circular aperture 
*' contracted in a vessel, the diameter of the issuing stream 
vein" in a cur- jg contracted, and attains its smallest dimensions 
rent of water r ,. „ , .« , , -,. 

at a distance from the orince equal to the diam- 
eter of the orifice itselfl The section of the jet at this point, Fig. 
141, 8 s% will be about two thirds of the magnitude of the orifice. 
This point of greatest contraction is called the vena coniractOj or ctrtdracted vein. 
Wh t * th ^^^^ phenomenon arises fi:om the circumstance that a liquid 

cauae of this contained in a vessel rushes from all sides toward an orifice, 
phenomenon? go as to form a sjstem of converging currents. These issuing 
out in oblique directions, cause the shape of the stream to change from the 
cylindrical form, and contract it in the manner described. 
How may the ^^ *^® attachment of suitable tubes to the aperture, the 
effect of the effect of the contracted vein may be avoided, and the quan- 
velrfSe'lvoid- ^^7 o^ flowing water be very greatly increased. A short pipe 
ed? wUl discharge one half more water in the same time, than 

a simple orifice of the same dimensions. The tube, however, must be 
Fio. 142. entirely without the vessel, 

OS at B, Fig. 142, for if ca' • 
tinned inside, as at A, the 
quantity of liquid discharged 
will be diminished instead 
of augmented. 

The rapidity of the discharge of the water will also depend much on the 
figure of the tube, and that of the bottom of the vessel, smce more water 
will flow through a conical, or bell-shaped tube, as at C, Fig. 142, than 
through a cylindrical tube. A still further advantage may be gained by hav- 
ing the bottom of the vessel rounded, as at D, and the tube bell-shaped. 

An inch tube of 200 feet in length, placed horizontally, wUl discharge only 
one fourth as much water as a tube of the same dimensions an inch in 
length ; hence, in all cases where it is proposed to convey water to a distance 
in pipes, there will be a great disappointment in respect to the quantity actu- 
ally delivered, unless the engineer takes into account the fiiction, and the* 
turnings of the pipes, and makes large allowances for these circumstancesL 
If the quantity to be actually delivered ought to fill a two inch pipe, one of 
three inches will not be too great an allowance, if the water is to be conveyed 
to any considerable distance. 

In practice, it will be found that a pipe of two inches in diameter, one hun- 
dred feet long, will discharge about five times as much water as one of one 
inch in diameter of the same length, and under the same pressure. This dif- 
ference is accounted for, by supposing that both tubes retard the motion of 
the fluid, by friction, at equal distances from their inner surfaces, and conse- 
quently, the effect of this cause is much greater in proportion, in the small 
tube, than in the large one. 
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What will be 
the difference 
in the tLow of 
a liqaid irhen 
the vessel is 
kept full and 
'when it is al- 
lowed to emp- 
ty itself? 

What ' is the 
princi]de and 
construction 
of the water- 
dock? 



FiQ, 143. 

•A 



As the velocity with which a stream issues depends upon the height of the 
column of fluid, it follows that when a liquid flows from a reservoir which is 
not replenished, but the level of which constantly descends, its velocity will 
be uniformly retarded. The following principle has been established: — 

339. If a vessel be filled with a liquid and 
allowed to discharge itself, the quantity issu- 
ing from an orifice in a given time, will be 
just one half what would be discharged from 
the same orifice in the same time, if the vessel 
was kept constantly full. 

340. Before the invention of clocks and 
watches, the flow of water through small ori- 
fices was applied by the ancients for the meas- 
urement of time, and an arrangement for this 

purpose was called a Clepsydra, or water-clock. One form of 
this instrument consisted of a cylindrical vessel filled with 
water, and furnished with an orifice which would discharge the 
whole in twelve hours. If the whole depth through which the 
water in the vessel would sink in this time be divided into 
144 parts, it will sink through 23 in the first hour, 21 in the 
second, 19 in the third, and so on, accordingto a series of odd 
numbers : this diminishing Ate depending on the constantly 
decreasing height and pressure of the column above the point 
of discharge. ' The spaces indicated upon a scale attached to 
the side of the vessel, and compared with the position of the 
descending column, marks the time. Fig. 143 represents the 
form of the water clock. 

341. The force of currents, whe- ' 
ther in pipes, canals, or rivers, is 
more or less resisted, and their velocity re- 
tarded, by the friction which takes place be- 
tween those surfaces of the liquid and the solid which are 
in contact. 

This explains a fact which may be observed in all rivers: 
that the vdocity of a stream is always greater at the center 
than near the bank, and the velocity at the surface is greater 
than the velocity at the bottom. 

842. If a given quantity of liquid must pass 
through pipes or channels of unequal section 
in the same time, its velocity will increase as 
the transverse section diminishes, and dimin- 
ish as the area of the section increases. 



How is tiie ve- 
locity of water 
in piites and 
rirers retard- 
ed? 



At what part 
of a stream is 
the velocity 
greatest? 

In a channel of 
unequal sec- 
tion, how will 
the velocity of 
a current be 
affected? 
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This fact is familiar to every one who observes the course of brooks or 
rivers : wherever the bed contracts, the current becomes r&j^d, and on the 
contrary if it widens, the stream becomes more sluggish. 

343. A very slight declivity is sufficient to give motion to 
tion**is^*sSS- r^i^^ing water. Three inches to a mile in a smooth, straight 
cient to . give channel, gives a velocity of about three miles per hour. 
Sg*^ate??™''" ^® ^^^^ Ganges, at a distance of 1,800 mUes from its 
mouth, is only 800 feet above the level of the sea* The 
average rate of inclination of the surface of the Mississippi is 1.80 for the first 
hundred miles from the Gulf of Mexico, 2 inches for the second hundred, 2.30 
for the third, and only 2.57 'for the fourth. 

Wh t ^s th ^® velocity of rivers is extremely variable ; the slower class 

average veloci- movmg from two to three miles per hour, or three or four feet 
ty of rivers V pgj. gecond, and the more, rapid as much as six feet per second. ^ 
The mean velocity of the Mississippi, near its mouth, is 2.26 miles per hour, 
or 2.96 feet per second.* 

The quantity of water which passes over the beds of rivers in a given time 
is very various. In the smaller class of streams it amounts to from 300 to 
350 cubic feet per second. In the smaller class of navigable rivers, it amounts 
to from 1,000 to 1,200 cubic feet ; and in the larger dass to 14,000 cubic feet 
and upward. It is estimated that the Mississippi discharges 12 billions of 
cubic feet of water per minute.f 

* 

* In the constmction of water-channels for drainage, the regulation of inclination neoes- 
sary to produce free flowage of the water, is a matter of great importance. This inclination 
varies greatly with the size of the stream of water to be conducted off. 'Large and deep 
rivers run sufficiently swift with a iail of a few inches per mile ; smaller rivers and brooks 
require a fall of two feet per mile, or 1 foot in 2,500. Small brooks hardly keep an open 
course under 4 feet per mile, or 1 in 1,200 ; while ditches and covered drains require at 
least 8 feet per mile, or 1 in 600. Furrows of ridges, and drains partially filled with loose 
materials, require a much greater inclination. 

t A question of some interest relative to the course and flow of rivers, may, perhaps, 
t>e appropriately considered in this connecti<»i. The question is as follows: Do the 
Mississippi, and other rivers whose courses are northerly and southerly, flow np hill or 
down hill ? The Mississippi runs from north to south. If its source were at the pole and 
its month at the equator, the elevation of the mouth wonld be thirteen miles higher thaa 
its source, as this is the difference between the equatorial and the polar radii of the 
earth. On this principle, the month of the Misrissippi is two and a half miles more ele* * 
vated than its source. Does it ran np hill, and if so, how has its course and motion 
originated? The problem, although apparently one of difficulty, admits of an easy 
solution. 

The centrifugal force, caused by the rotation of the earth, has changed the form of our 
planet from that of a perfect sphere to that of an ellipsoid, or a sphere flattened at the 
poles, in which the length of the largest radius, exceeds the shorter by thirteen mOes, the 
present form being the figure of equilibrium under the present conditions. The cohesion 
of the solid particles of the earih has resisted, and does resist, to a limited extent, 
the influence of the oentrifagal force which has changed the original fi^re ; but the par- 
ticles of liquid on the earth's snr&ce, being perfectly free to move, yield to the influence, 
and are at rest only so long as the condition of equilibrium is undisturbed, and alwayi 
move in such a way as to restore it when it is disturbed. Water, consequently, always 
flows from places which are above the figure of equilibrium, to those which ar6 below it 
Now the mouth of the Mississippi is two and a half miles more distant from the center of 
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Howareifaves 344. When 0116 portioD of a liquid is dis- 
^iLea f?rai^ tttrbed, the disturbance (in consequence of the 
«*' freedom with which the particles of a liquid 

move upon each other) is communicated to all the other 
portions, and a wave is formed. This wave propagates 
itself into the unmoved spaces adjoining, continually en- 
larging as it goes, and forming a series of undulations. 
x^ . . XV 345. Ordinary sea waves are caused by the 

What is the . . -^ n n 

origin of sea wmd prcssmg uucqually upou the surface of 
the water, depressing one part more than an- 
other : every depression causes a corresponding elevation. 

Where the water is of sufficient depth, waves have tnly a 
Does the^sab- vertical motion, t. e., up and down. Any floating body, as a 
▼ave actaally buoy, floating on a wave, is merely elevated> and depressed 
ft^JtatiOTaJy" alternately; it does not otherwise change its place. Tho 
apparent advance of waves in deep water is an ocular decep- 
tion: the same as when a corkscrew is turned round, the thread, or spiral, 
appears to move forward. 

346. A wave is a form, not a thing ; the form advances, but 
always break not the substance of the wave. When, however, a rock rises 
again^ the ^ ^^q surface, or the shore by its shallowness prevents or re- 
tards the oscillations of -the water, the waves forming in deep 
water are not balanced by the shorter undulations in shoal water, and they 
consequently move forward and form breakers. Thus it is that waves always 
break against the shore, no matter in what direction the mnd blows. 

When the shore runs out very shallow for a great extent, the breakers are 
distinguished by the name of surf. 

On the Atlantic, during a storm, the waves have been observed to rise to 
a height of about forty-three feet above the hollow occupied by a ship ; the 
total distance between the crests of two large waves being 569 feet, which 
distance was passed by the wave in about seventeen seconds of time. 

the earth (i. «., the center of fignre) than the source ia. Bat if it had not been ibr tho 
restraining influence of the cohesive force prevailing among the solid particles, it voald 
have been, through the action of the centrifugal force, three miles higher, instead of two 
and a half. It is therefore below the surface of equilibrium, and the water flows south 
to fill up the proper level. 

The question as to whether the river flows up, or down, depends on the meaning we 
attach to the words used. If by i>owk we mean toward the earth* s center of figure, or 
toward that part of the earth's surface where the attraction of gravity is the greatest, as 
at the poles, then the Mississippi runs up hill. If, on the contrary, down means below 
the surface of equilibrium, and up means above the surface of equilibrium, then the Mis> 
Bissipi flows downward. If the earth were a perfect sphere, and without^ rotation, tho 
river would flow northward. A more complete explanation of this subject will be found 
in a paper read before the American Academy by Prof. Lovering in ia56, and in the 
** Annual of Scieniifio Discovery*' for 1857, pp. 1T9— 182. 

7* 
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Hoir dees the 347. The resistance which a liquid apposes 
liquidto^^iid *o a solid body moving through it, varies with 
movtag^through the form of the body. 

The resistance which a plane surfeoe meets with while it 
moves in a liquid, in a direction perpendicular to its plane, is in general, pro- 
portioned to the square of its velocity. 

What adran- ^ **^® surfece of a solid moved against a liquid be presented 
tagehasan ob^ obliquely With respect to the direction of its motion, instead 
ii?"*inoTiM^ of perpendicularly, the resistance will be modified and dimin- 
against a liq- ished; the quantity of liquid displaced will be less, and the 
'"*' surface, acting as a wedge, or inclined plane, will possess a 

mechanical advantage, since in displacing the liquid it pushes it aside, instead 
of driving it forward. • 

The determination of the particular Ibrm which should be given to a mass 
of matter in order that it may move through a liquid with the least resistance, 
is a problem of great complexity and celebrity in the history of mathematics, 
inasmuch as it is connected with nearly all improvements in navigation and 
naval architecture. The principles involved in this problem require that the 
length of a vessel should comcide with the direction of the motion unparted 
to it ; and they also determine the shape of the prow and of the sur&ces be- 
neath the water. Boats which navigate stiU waters, and are not intended to 
carry a great amount of freight, are so constructed that the part of the bot^ 
torn immersed moves against the liquid at a very oblique angle. 

Vessels built for speed should have the greatest possible length, with merely 
the breadth necessary to stow the requisite cargo. 

The form and structure of the bodies of fishes in general, are )such as to en- 
able them to move through the water with the least resistwice. 
wh thA ^^^' ^ *^® paddles of steamboats, that one is only com- 

paddies of a pletely effectual m propelling the vessel which is vertical in 
effeSve?*™^^* the water, because upon that one alone does the resistance 
of the water act at right angles, or to the best advantage. 
In the propulsion of steamboats, it is found that paddle-wheels of a given 
diameter act with the greatest effect when their immersion does not exceed 
the width, or depth, of the lowest paddle-board ; their effect also increases 
with the diameter of the wheel. 

_ ^, ^^, The amount of power lost by the use of the paddle- wheel 

Is the paddle- « „. , . . t . , ,. 

wheel an ad- as a means of propellmg vessels is very great, smce, m addi- 

me°th^^o/ap. ^^^ ^ *^® ^^* *^*^* ^^^^ ^® paddle which is vertical in the 
plying power water is fully effective, the series of paddles in descending 
fw^propeliing ^^ ^^^ water, are obliged to exert a downward pressure, 
which is not available for propulsion, and in ascending, to lift 
a considerable weight of water that opposes the ascent, and adheres to the 
paddles. The roUkig of the vessel, also, renders it impossible to maintain the 
paddles at the requisite degree of immersion necessary to give them their 
greatest ef&ciency ; one wheel on one side being occasionally immersed too 
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deeply, wlule the other wheel, on the other side may be lifted entirely out of 

water. 

349. To remedy in some degree these causes of inefficiency 
and waste, the submerged propelling-wheel, known as the 
screw-propeller, has been introduced within the last few years. 
The screw-propeller consists of a wheel resembling in its form 
the threads of a screw, and rotating on an axle. It is placed 

in the «tem of the vessel, below the water-line, immediately in fifont of the 

rudder. Pig. 144 represents one form of the screw-propeller, and its location 

in reference to the other parts of the vesseL 



Describe the 
oonstraction 
and action <tf 
the screw-pro- 
peller. 



Fig. 144. 




The manner in which the screw-propeller acts in impelling the vessel for- 
ward, may be understood by supposing the wheel to be an ordinary screw, 
and the water surrounding it. a solid substance. By turning the screw in one 
direction or the other, it would move through the water, carrying the vessel 
with it, and the space through which it would move in each revolution would 
be equal to Ihe distance between two contiguous threads of the screw. In 
&ct, the water would act as a fixed nut, in which the screw would turn. 
But the water, although not fixed in its position as a solid nut, yet offers a 
considerable resistance to the motion of the screw-wheel ; and as the wheel 
turns, driving the water backward, the reaction of the water gives a propul- 
sion to the vessel in a contrary direction, or forward. 

The great advantage of the screw-propeller is, that its ac- 
tion on the water will be the same, no matter to what degree 
it may be immersed in it, or how the position of the vessel 
on the surface of the water may be changed. 

350. The application of the fcwce of water in motion for im- 
pelling machinery, is most extensive and familiar. The sim- 
plest method of applying this force as a mechanical agent, ia 
by means of wheels, which are caused to revolve by the 



What is the 
great advan- 
tage of the 
Bcrew-propellCT 
over the pad- 
dle-wheel ? 

What is the 
simplest meth- 
od of using 
water as a mo- 
tive power f 
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weighty cr pressare, of the water applied to their circumferences. Theaa 
wheels are mounted upon shafts, or axles, which are in turn connected with 
the machinery to which motion is to be imparted. 

Into how many 351. The water-whecls at present most gen- 
SSS^riiSi erally used may be divided into four classes — 
divided? ^Y^^ Undbbshot, the Overshot, the Breast 

Wheel, and the Tourbine Wheel. 

Describe the ^^^^ ^^'^ Undershot FiG. 145. 

constraction of Wheel consists of a wheel, 
WhS*^"^*"' on the circumference of 
wluch are fixed a number 
of flat boards called '' float-hoards^' at equal 
distances from each other. It is placed in 
such a position that its lower floats are im- 
mersed in a running stream, and is set in 
motion by the impact of the water on the 
boards as they successively dip into it. A 
wheel of this kind will revolve in any 
stream which furnishes a current of suffi- 
cient power. Fig. 145 represents the construction of the undershot wheel. 

This form of wheel is usuaUy plac^ in a "race-way," or narrow passage, m 
such a manner as to receive the fljll force of a current issuing from the bottom 
of a dam, and striking agamst the float-boards. And it is important to re- 
member, that the moving power is the same, whether water fells downward 
from the top of a dam to a lower level, or whether it issues from an openmg 
TOde direcfly at the lower level This will be obvious, if it is considered 
that the force with which water issues from an opening made at any pomt in 
the dam wiU be equal to that which it would acquire in fellmg from the sur- 
fece or level of the water in the dam down to the same point 

The undershot wheel is a most disadvantageous method of 
applying the power of water,' not more than 26»per cent of 
the moving power of the water being rendered av^ablo 
by it. 

353. In the Overshot 
Wheel, the water is received 
into cavities or cells, called 
"buckets," formed in the circumference of the 
wheel, and so shaped as to retain as much of 
the water as possible, until they arrive at the 
lowest part of the wheel, where they empty 
themselves. The buckets then ascend empty 
on the other side of the wheel to* be filled ass 
before. The wheel is moved by the weight of 
the water contained in the bucketo on the descending 'side. Fig. 146 repre- 
sents an overshot wheel * «*^P«- 



What propor- 
tion of pover is 
lost by the un- 
dershot wheel? 

Describe the 
construction of 
the Overshot 
WheeL 



Fig. 146. 
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The orer^ot wheel is one of the most effectiye yarieties of 
water-wheels, and receives its name from the circumstance 
that the water shoots oyer it, It requires a &11 in the stream, 
rather higher than its own diameter. Wheels of this kind, 
when well constructed, utilize nearly three fourths of the moy 
ing force of the water. 

354. The Breast Wheel may be considered as a variety 
intermediate between the overshot and the undershot wheeU. 
In this, the water, instead of Ming on the wheel from above^ 
or passing entirely beneath it, is delivered just below the level 



What propor- 
tioa of the 
moring power 
is utilized by 
the overshot 
▼heel? 



Describe the 
constniction of 
the Breast- 
Wheel. 



Fig. 147. 




of the axis. The race-way, or passage for 
the water to descend upon the side of the 
wheel, is built in a circular form, to fit the 
drcumferaice of the wheel, and the water 
thus inclosed acts partially by its weight, 
and partially by its impulse, or momentunu 
Fig. 147 represents a breast-wheel, with its 
circular race-way. 

The breast-wheel, when well constructed, 
will utilize about 65 per cent of the mov- 
ing power of the water. It is more efBcient 
than the undershot wheel, but less than the 
overshot. It is therefore only used where the fall happens to be particularly 
adapted for it. 

365. The fourth class of water-wheels, the "Tour- ^^' 1*8. 

bme," or " Turbme," is a wheel of modem invention, 
and is the most powerful and economical of all water- 
engines. 

The principles of the construction and action of the 
Tourbine wheel maybe best understood by a previous 
examination of the construction of another water- 
engine known as "Barker's MilL" (See Fig. 148.) 

^ _*^ ^v This consists of an upright tube or 

Describe the ,. , « . , , .jV „ 

construction of Cylinder, furnished with a smaller 
Barker's MilL cross-tube at the bottom, and en- 
larged into a funnel at the top. The whole cylinder 
is so supported upon pivots at the top and bottom, 
that it revolves freely about a vertical axis. It is 
evident if there are no openings in the ends of tho 
cross-tubes, and the whole is filled with water, that 
the entire arrangement will be simply that of a close 

vessel filled with water, without any tendency to motion. If; however, the 
ends of the arms, or cross-tube, have openings on the sides, opposite to one 
another, as is represented in the figure, the sides of the tube on which the 
openings are, will be relieved fix)m the pressure of the column of water in the 
upright tube by the water flowing out, while the pressure on the sides oppo- 
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site to them, which have no openings, will remain the same. The machine, 
therefore, will revolve *in the direction of the greater pressm>e, that is, in a 
direction contrary to that of the jets of water. A supply of water poured into 
the funnel-head, keeps the cylinder full, and the pressure of the column of 
water constant 

The action of this machine may also be explained according to another 
view : the pressure of the column of water in the upright tube, will cause the 
water to be projected in jets finom the openings at the ends of the arms in 
opposite directions; when the recoil, or reaction of these jets upon the ex- 
tremities of the cross-tubes^ gives a rotary motion to the whole machine upon 
its vertical axis. 

-^ .. ^. The Tourbine wheel derives its motion, like the Barker's 

Descnbe tne .„ « , - , « 

oonstrnction mul, from the action of the pressure of a column of water. 

the T^^rtdne ^* consiste of a fixed, horizontal cylinder, A B, Fig. 149, in 
' WheeL the center of which the water enters from an upright tube or 

cylinder, corresponding in position 
Fig. 149. ^ ^jjQ upright cylinder of a Bark- 

er's mill. The water descend- 
ing in the tube diverges from the 
center in every direction, through 
curved water-channels, or com- 
partments, A and B, formed in the 
horizontal cylinder, and escapes at 
the- circumference. Around the 
fixed horizontal cylinder, a hori- 
zontal wheel, D, in the form of a 
ring or circle, is fitted,' with its rim 
formed into compartments exactly 
similar to the compartments of the 
fixed cylinder, with the exception 
that their sides curve in an oppo- 
site direction. The water issuing 
fiY)m the guide-curves A 6, strikes against the curved compartments of the 
wheel B, and causes it to revolve. The wheeljjy attachments beneath the 
fixed cylinder A B, is connected with a shaft, E, which passes up through the 
fixed and upright cylinder, and by which motion is imparted to machinery. 

The Tourbine wheel may be used to advantage with a fall 
ei^ency *of <>^ water of any height, and will utilize more of the force of 
th« Tourbine the moving power than any other wheel — ^amounting, in some 
^ instances, as at the cotton factories at Lowell, Mass., to up- 

ward of 95 per cent, of the whole force of the water. 

356. It may appear strange to those unacquainted with Jbe 
action of hydraulic engines, that so much of the power exist- 
ing in the agent we use for producing motion, as running 
water, should be lost, amounting in the undershot wheel to 
15 per cent of the whole power. Tliis is due partially to the 




Is It possible 
to construct a 
water-wheel 
which will ren- 
der the whole 
ower availa- 






powei 
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fiictloii of the water against the smfacea upon which it flows, and to the fric- 
tion of the wheel which receives the force of the current Force is also lost 
by changing the dire(^on of the water in order to convey it to the machinery ; 
in the sudden diange of velocity which the water undergoes when it first 
strikes the wheels ; and more than all, from the £em^ that a considerable amount 
of force is left unemployed in the water which escapes with a greater or less 
velocity from every variety of wheeL It may be considered as practically 
impossible to construct any form of water-engine which will utilize the whole 
force of a current of water. 

357. Water, although one d the most abundant substances in nature, and 
a universal necessity of life, is not always found in the location in which it is 
desirable to use it Mechanical arrangements, therefore, adapted to raise 
water from a lower to a higher lev^ have been among the earliest inventions 
of every country. 

What were 858. The application of the lever, in the 
™^m"?4fS; *onn of the old-fashioned well-sweep (still 
raising miter? ^g^^ j^ many parts of this country, and 
throughout Eastern Asia), of the pulley and rope, and 
the wheel and axle in the form of the windlass, were un- 
doubtedly the earliest mechanical contrivances for raising 
water. 

^ .^ .^ The screw of Archimedes, invented by the philosopher 

Describe tbe , .^, . ^. i, - - ^ e 

Archimedes whose name It bears, is a contnvanoe for raismg water, of 

Bcrev* *^ great antiquity. 

This machine, represented in Fig. 
150, consists of a tube wound in a 
spinJ form about a solid cylinder, A 
B, which is made to revolve by turn- 
ing the handle H. This cylinder is 
placed at a certain mclination, with 
its lower extremity resting in the 
water. As the cylinder is made to 
revolve, the end of the tube dips into 
the water, and a certain portion en- 
ters the orifice a. By continuing 
the revolution of the cylinder, the 
water flows down a series of inclined 
planes, or to the under side of the 
tube, and if the inclination of the 

tube be not too great, the water will finally flow out at the upper oriflce into 

a proper receptacle. 

The foUowing diagram. Fig. 151, representing the curved tube in two 

opposite positions, will illustrate the action of the Archimedes screw. Suppose 

a marble dropped into the tube at a^ fig. 1, : if it was kept stationary in the 
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^Q, 15 L tube until it was turned half round, as in the 

position, fig. 2, the marble would be at a'; now, 
if at liberty to move, it would roll down to &'; 
but this efifect, which we have supposed accom- 
plished all at once, is really, gradually performed, 
and a rolls down toward b^ by the gradual tum- 
^€1 ing of the tube, and reaches V as soon as the 
screw comes into the position marked in fig. 2 ; 
another half turn of the screw would bring it 
into its first position, and tlie marble would 
gradually roll forward to c. 

When was the ^^^' '^^^ common suction-pump is a later discoveiy than the 
common pump screw of Archimedes, and is supposed to have been invented 
invented t ^y Ctesibius, an Athenian engineer who lived at Alexandria^ 

in Egypt, about the middle of the second century before the Christian era.* 

Describe the 
construction of 
the chain-pump. 




360. The chain-pump 
consists of a tube, or cyl- 
inder, the lower part of 
which is immersed in a well or reser- 
voir, and the upper part enters the bot- 
tom of a cistern into which the water is 
to be raised. An endless chain is car- 
ried round a wheel at the top, and is 
furnished at equal distances with flat 
discs, or plates, which fit tightly in the 
tube. As the wheel revolves, they suc- 
cessively enter the tube, and carry the 
water up before them, which is dis- 
charged into the cistern at the top of the 
tube. The machine may be set in mo- 
tion by a crank attached to the upper 
wheel 

Kg. 152 represents the construction 
and arrangement of the chain-pump. 

Inwhatsitaa- "^^ chain-pump will 

tioiM ia this act with its greatest ef- 
^eX"?e<l? •■«=*. ^>'«n "^e cylinder 



in which the plates and 
chain move, can be placed in an inclined • 
position, instead of vertically. It is used 
generally on board of ships and in sit- 
uations where the height through which 
the water is to be elevated is not very great, as iu cases where tiie founda- 
tions of docks, etc., are to be drained. 

* The suction-pump, and other machines for raising water which depend upon the 
pressure of the atmosphere, are described under the head of Paeumatics. 
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For irbai other 
porposes than 
nisug water 
is the chain- 
pump QBcd ? 



This machine is not, h(>wever, nsed exdtisively for raising 
water. Its application, in principle, may be seen in any grist- 
mill, where it conveys the flour discharged from the stones, 
to an upper part of the building, where it is bolted. Dredg- 
ing machuies for elevating mud from the bottom of rivers, are 
also c(xistrttcted on the same principle. 

whatisanHy- ^61- The Hydraijlic Ram ib a machine 
drauiic Kam? constiucted to Taige water by taking advantage 
.of the impulse, or momentum, of a current of water sud- 
denly stopped in its course, and made to act in another 

direction. 

The shnplest construction of the hydraulic ram is repre- 
sented in Fig. 1&3, and its operation is as follows : — ^At the 
end of a pipe, B, connected with a spring, or reservoir. A, 
somewhat elevated, fiom which a supply of water is derived, 

is a valve, B, of such weight as just to fall when the water is quiet, or still. 



Describe the 
constraetion of 
the Hydraulic 
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within the pipe ; this pipe is con% 
nected with an air-chamber, D, 
fix>m which the mam pipe, F, leads ; 
this air-chamber is provided with 
a valve opening upward, as shown 
in the cut Suppose now, the 
water being still within the tube^ 
the valve E to open by its own 
weight; immediately the stream 
begins to run, and the water flow- 
ing' through B soon acquires a 
momentum, or force, sufficient to 
raise the valve E up against its seat. The water, being thus suddenly ar^ 
rested in its passage, would by its momentum burst the pipe, were it not for 
the other valve in the air-chamber, D, which is pressed upward, and allows 
the water to escape into the air-chamber, D. The air contained* in the 
chamber D is condensed by the sudden influx of the water, but immediately 
reactmg by means of its elasticity, forces a portion of the water up into the 
tube F. 

As soon as the water in the pipe B is brought to a state of rest, the valve 
of the air-chamber closes, and the valve E faUs down or opens ; again the 
stream commences running, and soon acquires sufficient force to shut the 
valve E ; a new portion is then, by the momentum of the stream, urged into 
the air-chamber and up the pipe F; and by a continuance of this action, 
water will be continually elevated in the pipe F. 

Fig. 154 represents a more improved construction of the ram, in which by 
the use of two air-chambers, C and F, the force of the machine is greatly in- 
creased. A represents the main pipe, B the valve from whence the water 
escapes, G- the pipe in which it is elevated. 
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As thia machine pnyduces a kind of intermitting motion from the aUemate 
flux and reflux of the stream, accompanied with a noise arising from the shock, 
its action has heen compared to the butting of a ram ; and hence the name of 
the machine. 

It will be seen from these details, that a very insignificant pressing column 
of water, running in the supply pipe, is capable of forcing a stream of water 
to a very great height, so that a suflBcient fail of water may be obtained in any 
running brook, by damming up its upper end to produce a reservoir, and then 
carrying the pipe down the channel of the stream until a suflBcient fell is 
obtained. A considerable length of descending pipe is desirable to insure the 
action of the stream, otherwise the water, instead of entering the air-vessel, 
may be thrown back, when the valye is closed, into the reservoir. 






CHAPTER X. 

PKEUMATIO& 



What ifl ih« 362. Pneumatics is that department of 
^SSmatiaif physical Bcicnce which treats of the motion 
and pressure of air,* and other aeriform, or 
gaseous substances. 

Into irhat two ^^^' Acrifonu, or gaseous bodies, may be 
^SS^BubH divided into two classes, viz., the permanent 
■toncea be di- gases, or thoso which under all ordinary cir- 
cumstances of temperature and pressure are 
always in the gaseous state, as common air ; and the va- 
pors, which may readily be condensed by pressure, or the 
diminution of temperature, into liquids, as steam, or the 
vapor of water. 

364. Atmospheric air is taken as the t3rpe, or representative, of all permar 
n^it gases, and steam as the type of all vapors, because these substances pos- 
sess the general properties of gases and vapors in the utmost perfection, 
v^hat is the 365. The atmosphere is a thin, transparent 
atmoapheref fluid, Or acriform substance, surrounding the 
earth to a considerable height above its surface, and which 
by its peculiar constitution supports and nourishes all 
forms of animal or vegetable life. 

* Atmospheric air is composed of oxygen «nd nitrc^n mixed together in the^iroportion 
of seyenty-nine parts of nitrogen and twentj-ooe of oxygen, or about four-fifths nitrogen 
to one-fifth oxygen. These two gases existing in the atmosphere are not chemically eom- 
Mned with each other, but merely mixed. 

Beside these two ingredients there is always in the air, at all places, carbonic acid gas 
and watery vapor, in variable proportions, and sometimes also the odoriferous matter of 
flowers, and other volatile sabstances. 

The air in all regions of the earth, and at all elevations, never varies in composition, so 
far as regwrds tiie proportions of oxygen and nitrogen which it contains, no matter whether 
it be collected on the top of high mountains, over marshes, or over deserts. 

It is a wonderful principle, or law of nature, that when two gases of diflierent weights, 
or specific gravities, are mixed together, tliey can not remain separate, as fluids of differ- 
ent densities do, but diffuse themselves uniformly throughout the whole space which both 
occupy. It is, therefore, by this law that a vapor, arising by its own elasticity from a 
volatile substance, is caused to extend its influence and mingle with the surrounding at- 
mosphere, until its effects become so enfeebled by dilution as to be imperceptible to the 
senses. Thus we are enabled to enjoy and perceive at a distance the odor of a flower- 
garden, or a perfume which has been exposed in ao apartment 
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The atmosphere is not, as is generally regarded, invisibK 

^h r^^visiS^T ^i^®^ ^een through a great extent, as when we look upward 

in the sky on a dear day, the vault appears of an azure, or 

deep blue color. Distant mountains also appear blue. In both these instances 

the color is due to the great mass of air through which we direct our vision. 

The reason that we do not observe this color in a small quan- 
a BmaUqttanti- tity of air Is, that the portion of. colored light reflected to the 
Sbit^ llf f^' ^^ ^^ * limited quantity is insufficient to produce the requis- 
ite sensation upon the eye, and in this way excite in the mind 
a perception of the color. Almost all slightly transparent bodies are exam- 
ples of this fact. 

If a glass tube of small bore be filled with sherry wine, or wine of a simi- 
lar color, and looked at through the tube, it will be found to have ail the 
appearance of water, and be colorless. If viewed from above, downward, In * 
the direction of its length, it will be (bund to possess its ori^nal ocAoT. In 
the first instance, there can be no doubt that the wine has the same color 
as the liquid of which it originally formed a part ; but in the case of small 
quantities, the color is transmitted to the eye so faintly, as to be inadequate to 
produce perception. Por the same reason, the great mass of the ocean 
appears green, while a small quantity of the same water contained in a glass 
is perfectly colorless. 

Does air pos- 366. Ail, in common with other material 

SSti? *q^* substances, possesses all the essential quali- 

ties of matter? ^[q^ of matter, as impenetrability, inertia, and 
weight. 

SeT. The impenetrability of air may be shown by taking a 
proofs of the hollow vessel, as a glass tumbler, and immersing it in water 
ty 5^47^*"" ^^^^ ^*® month downward ; it will be found that the water 
will not fill the tumbler. If a cork is placed upon the water 
under the mouth of the tumbler, it will be seen that as the tumbler is pressed 
down, the air in it will depress the surface of the water on which the cork 
floats. The diving-bell is constructed on the same principle. 

„^ , 368. The inertia of the air is shown by the resistance which 

What are 

proofs of the it opposes to the motion of a body passing through it Thus, 
inertia of air f jf ^q ^p^^ g^j umbrella^ and endeavor to carry it rapidly with 
the concave side forward, a considerable force will be required to overcome 
the resistance it encounters. A bird could not fly in a space devoid of air, 
even if it could exist without respiration, since it is the inertia, or resistance 
of the particles of the atmosphere to the beating of the wings, which enables 
it to rise. The wings of birds are larger, in proportion to their bodies, than 
the fins of fishes, because the fluid on which they act is less dense, and has 
proportionally less inertia, than the water upon which the fins of fishes act 

To irhat ex- ^69. Air is highly compressible and perfectly . 

tent is air ploafip 
compressible? eidSUL. 

By these two qualities air and all other gaseous substances 
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axe particularly distingiiished from liquids, which resist compression, and pos- 
sess but a smiUl degree of elasticity. lUustratioDS of the compressibility of air 
are most iamiliar. A quantity of air contained in a bladder, or India-rubber 
bag, may be easily forced by the pressure of the hand, to occupy less space. 
There is, indeed, no theoretical limit to the compression of air, for with every 
additional degree of force, an additional degree of compression may be obtained. 
.^^ The elasticity, or expansibility of air, also manifests itself 

larger space. 



■era any con- in an unlimited degree. Air cannot be said to have any 
▼^ume?* ^' original size or volume, for it always strives to occupy a 



WbatareUlns- When a part of the air inclosed in any vessel is withdrawn, 
ezpansibUity that which remains, expanding by its elastic property, always 
^ ^^^ fills the dimensions of the vessel as completely as before. If 

nine tenths were withdrawn, the^maining one tenth would occupy the same 
space that the whole did formerly. 

This tendency of air to occupy a larger space, or in other words, to increase 
its Tolume, causes it when confined in a vessel, to continually press against 
the inner suriaoe. If no corresponding pressure acts from the outer surfooe, 
the air will burst it, unless the vessel is of considerable strength. This fact may 
be shown by the experiment of placing a bladder partially filled with air be- 
neath the receiver of an air-pump, and by exhausting the air in the receiver 
the pressure of the external air upon the outer surface of the bladder is re- 
moved. The elasticity of the air contained in the bladder being then imre- 
sisted by any external pressure, will dilate the bladder to its friUest extent, 
and oftentimes burst it. 

^ . .v.. 369. Air, as well as all other gases and va- 
pors, possesses weight. 

The weight of air may be shown by first weighing a suitable vessel filled 
with air; then exhausting the air firam it by means of an air-pump, and weigh- 
ing again. The difference between the two weights will be the weight of the 
air contained in the vesseL 

The weight of 100 cubic inches of ah* is about 31 grains. 

To vhat is the ^'^^' ^^^ elasticity, or expansion of air is due 
Sr^^Y **' *^ ^^^ peculiar action of the molecular forces 
among its particles, which manifest themselves 
in a very different manner from what they do in solid and 
liquid bodies. 

In solid bodies, these forces hold the molecules, or particles together so 
closely, that they can not change their respective positions ; they also hold 
together the particles of liquid bodies, but to such a limited extent only, as to 
enable the particles to move upon each other with perfect freedom. But in 
gases, or aeriform substances, the molecular forces act repulsively, and give to the 
particles a tendency to move away from each other; and this to so great an ex- 
tent, that nothing but external impediments can hinder their further expansion. 
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The question, therefore, natumlly occurs in tins oonnection, 
the atmosphere viz.: If air expands unlimitedly, when unrestricted, why does 
to the earth? j^^^ ^^ atmosphere leave the earth and diflRise itself through- 
out space indefinitely ? This it would do were it not for the action of gravi- 
tation. The particles of air, it must be remembered, possess weight, and by 
gravity are attracted toward the center of the earth. This tendency of gravity to 
condense the air upon the eerth^s suiface, is opposed by the mutual repulsion 
existing between the particles of air. These two forces, counterbalance eadi 
other : the atmosphere will therefore expand, that is, its particles will separate 
from one another, until the repulsive force is> diminished to such an extent as to 
render it equal to the weight of the particles, or what is the same thing, to 
the force of the attraction of gravitation, when no fiirther e:q)an8ion can take 
place. We may therefore conceive the particles of aur at the upper sur&ce of 
the atmosphere resting in equilibrium, under the influence of two opposite 
forces, viz., their own weight, tending to carry them downward, and the 
mutual repulsion of the partides, whioh constitutes the elasticity of air, tend- 
ii^ to drive them upward. 

What lav reg- ^^l. The density of the air, or the quantity 
riS^*?f *the*l1' contained in a given bulk, decreases with the 
mosphere? altitude, 01 height above the surface of the 
earth. 

This is owing to the diminished pressure of the air, and Fig. 155. 

the decreasing force of gravity. Those portions du^ectly 
incumbent upon the earth are most dense, because they bear 
the weight of the superincumbent portions; thus, the hay 
at the lower part of the stack bears the weight of that 
above, and is therefore more compact and dense. -(See Fig. 
155.) This idea may be conveyed by the gradual shading 
of the figure, which indicates the gradual diminution in the 
density of the atmosphere in proportion to its altitude. 

When is air 372. Air is Said to be rarefied 

said to be rare- ■, •, • i . -i i 

fied? when it IS caused to expand and occupy a 

greater space. 

Grenerally, when we speak of rarefied air, we mean air that is expanded to 
a greater degree, or is thinner, than the air at the immediate surface of the 
earth. 

3*73. The great law governing the compressibility of air, .which is known 
from its discoverer as " Mariotte's Law," may be stated as follows: 

■vviiat is Ma- Thc volumc of spaco which air occupies is in- 
rijtte's La>rf vcrscly as the pressure upon it. 

If the compressing force be doubled, the air which is compressed will 
occupy one half of the space : if the compressing force be increased in a three- 
fold proportion, it will occupy one tlnrd the space; if fourfold, one fourth the 
space, and so on. 
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The relation between the oompressibility of air, and its elasticity and dens- 
ity, also obeys a certain law which may thus be expressed : — 

374. The density and elasticity of air are 
directly as the force of compression. 

This ration is clearly exhibited by the foUowing table: — 
With the same amount of air, occupying the space of 

1» 21 h h ii iy riiii 
the elasticity and density will be 1, 2, 3, 4, 5, 6, 100. 
What are fl- Hence by compressing air into a yeiy smaD space, by means 
lustrations of c^a proper apparatus^ we can increase its elastic force to such 
an extent as to apply it for the production of yery powerful 
effects. The well-known toy, the pop-gun, is an example of 
the application of this power. The space A of a hollow cylinder. Fig. 156, is 
inclosed by the stopper, p, at one end, and by the end of the rod, S, at the 
other end. This rod being pushed further into the cylinder, the air contained 
in the space. A, is compressed until its elastic force becomes so great as to 
drive out the stopper, p, at the other end of the cylinder with great force, 



What relatfoa 
exists b^veen 
the compressi> 
bility of air 
and its elastic- 
ity and density f 



the elasticforce 
of air? 



Fio. 156. 




The air-gun is constructed and operated on a 
TiQ. 151. 



accompanied with a r^;)ort 
amilar principle. 

BTS. The laws of Mariotte may be 
lustrate the illustrated and proTed by the ft)Uowing 
laws ofMariott*. experiment: let A B D be a long, 
bent glass tube, open at its longer extremity, and fur- 
nished with a stop-cock at the shorter. The stop-cock 
being open so as to allow free communication with 
the air, a quantity of mercury is poured into the 
open end. The surfaces of the mercury will, of course, 
stand at the same level, B F, in both legs of the 
tube, and wiH both sustain the weight of a col- 
umn of air reaching from E and F to the top of 
the atmosphere. If we now close the stop-cock, D, 
the effect of the weight of the whole atmosphere 
above that pomt is cut off, so that the surface, F, can 
sustain no jM-essure arising from the weight of the 
atmosphere. Still, the level of the mercury in both 
legs of the tube remains the same, because the elas- 
ticity of the air inclosed in F D is precisely equal, and 
suffident to balance the weight of the whole column 
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of atmosphere pr&ssiag upon the surface, E. If this were not the case, or if 
there were no air in F D, then the weight of the atmosphere pressing upon 
the surface E would force the mercuiy, E B C F, up into tlie space, F D. l%e 
elasticity of air is, therefore^ directly proportionaie to ihe force, or compression, 
exerted upon it 

It is evident that the pressure exerted upon the surface, E, Fig. 157, what- 
oyer may he its amount, is that of a column of air reaching from E to the top 
of the atmospliere, or, as we express it, the weight of one atmosphere. The 
amount of this pressure, accurately determined, is equal to the weight, or 
pressure, which a column of mercury 30 inches high would exert on the 
same sur&ce. If then, we pour into the tube, A E, Fig. 157, as much 
mercury as will raise the sur&ce in the leg. A B 30 inches above the 
surface of the mercury in the leg D G. we shall have a pressure on the 
surface of E equal to two atmospheres; and since liquids transmit pressure 
equally in all directions, the same pressure will be exerted on the air included 
in the leg D F. This will reduce it in volume one hai^ or compress it into 
half the space, and the mercury will rise in the leg D F from F to F. This 
weight of two atmospheres reduces a given quantity of air into one half its 
volume. In the same manner, if mercury be again poured into the tube A 
£ until the surface of the column in A E is 60 inches above the level of the 
mercury in D F, then the air in D F will be compressed into one third of its 
original voiuma In the same manner it could be shown, by continumg these 
experiments, that the diminution of the volame of air will always be in the 
exact proportion of the increase of the compressing force, and its volume can 
also be increased in exact proportion to the dimimUion of the compressing 
force. In fact this law has been verified by actual experiment, until the air 
has been condensed 27 times and rarefied 112 times. 

Air has been allowed to expand into more than 2,000 times its balk, and 
it would have expanded still more if greater space had been allowed. Air 
has also been compressed into less than a thousandth of its usual bulk, so as 
to become denser than water. In this state it still preserved its gaseous form 
and condition. 

Waath ei ht ^*^^' "^^^ ^^ *^* ^ possesses weight, and consequently 
of air known exerts pressure, was not known until about two hundred years 
Sento^ "^ ^^* '^^^ ancient philosophers recognized the fact, that air 
was a substance, or a material thing, and they also noticed 
that when a solid, or a liquid, was removed, that the air rushed in and filled 
up the space that, had been thus deserted. But when called to give a 
xeason for this phenomenon, they said "that nature abhorred an empty- 
space," or a " vacuum," and therefore filled it up with air, or some liquid, or 
solid body. 

What is a 377. A vacuum is a space devoid of matter; 

vacuum? ^ general, we mean by a vacuum a space de-v 
void of air. 

No perfect vacuum can be produced artificially ; but confined spaces can 
be deprived of air sufficiently for all experimental and practical purposes. 
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We do not know, moreoyer, that any vacuxtm exists in nature, although there 
is no conclusive evidence that the spaces between the planets are filled with 
any material substance. 

If we dip a pail into a pond, and fill it with water, a hole (or vacuum) is 
made in the pond as big as the pail ; but the moment the pail is drawn out, 
the hole is filled up by the water around it In the same manner air rushes 
in, or rather is pressed in by its weighty to fill up an empty space. 
Hoir does When we place one end of a straw, or tube in the mouth, 

▼ater xiae in a and the Other end in a liquid, we can cause the liquid to rise 
rtnav by sno- j^ the Straw, or tube by sucking it up^ as it is called. We, 
however, do no such thing ; we merely draw into the mouth 
the jxirtion of air confined in the tube, and the pressure of &e external air 
which is exerted on the sui&ce of the liquid into which the tube dips, being 
no longer balanced by the elasticity of the air in the tube, forces the liquid up 
into the mouth. I^ however, the straw were gradually increased in length, 
we should find that above a certain length we should not be able to raise 
water into the mouth at all, no matter how small the tube might be in diam- 
eter ; or, in other words, if we made the tube 34 feet long, we should find 
that no power of suction, even by the most powerful laachinery instead of 
the mouth, could raise the water to that height. The water rises in the com- 
mon pump in the same way that it does in the straw ; but not above a height 
of 33 or 34 feet above the level of the reservoir. 

How wM the ^^®* '^^ i^ason why water thus rises in a straw, or pump, 
aacent of water remuned a mystery until explained and demonstrated by Tor- 
S>n^^ «*^ ricelli, a pupU of GalUeo. It is clear that the water is sua- 
pkdnedaodde- tained in the tube by some force, and Torricelli argued that 
monstrated? whatever it might be, the weight of the column of water sus- 
tained must be the measure of the power thus manifested ; consequently, if 
another liquid be used, heavier or lighter, bulk for bulk, than water, then the 
same force mwt sustain a lesser or grectter column of such liquid. By using a 
much heavier liquid, the colmnn sustained would necessarily be much shorter, 
and the experiment in every way more manageable. 

Torricelli verified his conclusions in Uie following manner: — ^He selected 
for his experiment mercury, the heaviest known liquid. As this is 13^ 
times heavier than water, bulk for bulk, it followed that if the force imputed 
to a vacuum could sustain 33 feet of water, it would necessarily sustain 
13^ times less, or about 30 inches of mercury. Torricelli therefore made the 
following experiment, which has since become memorable in the histoiy of 
science : — 

He procured a glass tube (Fig. 158) more than 30 inches long, open at one 
end, and closed at the other. Filling this tube with mercury, and applying 
his finger to the open end, so as to prevent its escape, he inverted it, plung- 
ing the end into mercury contained in a cistern. On removing the finger, he 
observed that the mercury in the tube fell, but did not fall altogether into the 
cistern ; it only subsided until its surfece was at a height of about 30 inches 
above the surface of the mercury in the cistern. The result was what Tor- 

8 



} 



170 



WELLS'S KATTTBAL PHILOSOPHY. 



FiQ, 168.- 





rioeUi expected, and he soon 

perceived the true cause of the 

phenomenon. The weight of 

the atmosphere acting upon 

the sur&ce of the mercury in 

the vessel, supports the liquid 

in the tube, this last bemg 

protected from the pressure of 

the atmosphere by the closed 

end of the tube. 

„ ,^ 319. The fact 

How WM the ., ^ ., , 

eondnslon of tnat toe COl- 
Torricem far. ^j^q ^f ^er- 
ther verified 7 

cury m the 

tube was sustained by the 
pressure of the atmosphere^ 
was ftirther verified by an ex- 
periment made by Pascpl in 
France. He arguM, that if 
the cause which sustained the 
column in the tube was the 
weight of the atmosphere act- 
ing on the external surface of 
the mercury in the dstem, 
then, if the tube was trans- 
ported to the top of a high 
mountain, where a less quan- 
tity of atmosphere was above 
it, the pressure would be less, 

and the length of the colunm less. The experiment was tried by carrying 
the tube to the top of a mountain in the interior of Prance, and correctly 
noting the height of the column during the ascent. It was noticed that the 
height of the column gradually diminished as the elevation to which the 
instrument was carried increased. 

The most simple way of proving that the column of mercury contained in 
the tube, as in Fig. 158, is only balanced against the equal weight of a column 
of air, is to take a tube of sufficient length, and having tied over one end a 
bladder, to fill it up with mercury, and invert it in a cup of the same liquid; 
the mercury will now stand at the height of about 30 inches ; but if with a 
needle we make a hole in the bladder closing the top of the tube, the mer- 
cury in the tube immediately falls to the level of that in the cup. 

These experiments by Torricelli led to the invention of the 
Barometer. It was noticed that a column of mercury sus- 
tained in a tube by the pressure of the atmosphere, the tube 
being kept in a fixed position, as in Fig. 159, fluctuated fi^m 
day to day, within certain small limits. This eflEect was 




HoTT did the 
experiment of 
Torricelli lead 
to the inven- 
tion of the Ba- 
rometer ? 



PNEUMATICS. 



171 



naturally attributed to the Tariation in the weight or pres- 
sure of the incumbent atonoephere, arising from various me- 
teorological causes. 

Thus, when the £ur is moist or filled with vapors, it is lighter 
than usual, and the column of mercury stands low in the q 
tube ; but when the air is dry and f^ee from vapor, it is hea^ftr, 
and supports a longer column of mercury. 

So long as the vapor of water exists in the 
atmosphere, as a constituent part of it, it con- 
tributes to tiie atmospheric pressure, and thus 
a portion of the cdumn of mexx;ury in the ba- 
rometer tube is sustained by the weight of the 
vapor ; but when the vapor is condensed, and 
takes on a viffl^Ue form, as clouds, etc., then it no longer 
forms a constituent part of the atmosphere, any more than dust, 
smoke, esc a balloon floating in it does, and the atmospheric 
pressure being diminished, the mercury in the tube falls. In 
this vay the barometer, by showmg variajtions in the weight 
of tiie air, indicates also the changes in the weather. 

380. The i^ace above the mercury in the 
barometer tube, A D, Fig. 159, is called the 



Fig. 159. 
A 







Why shoidd 
the presence of 
condensed t»- 
por of water in 
the atoios- 
phereaffoctits 
pressure t 



TorrtceUicM vacwmi, and is the nearest i^proach to a perfect 
vacuum that can be procured by art; for upon pressing the 

Fia. 160. 



What is the 
most perfect 
▼aeuam with 
which we are 
acquainted f 

lower end deeper in the mercury, the 
whole tube becomes c(Hnpletely filled ; the fluid again 
falling upon elevating the tube, it is therefore a per- 
fect vacuum, with the exception of a small portion 
of mercurial vapor. 

381. Barometers are constructed in very different 
forms — ^the principle remaining the same, of course, in 
all The first barometer constructed was simply a tube 
closed at one end, filled with mercury, and inverted 
in a vessel containing mercury, as in Fig. 159. 
What is tb ^ ^^ common form of barometer, 

eoDstrnetionof called the "Wheel-Barometer," con- 
STromell^f ^' as^SJ ^f a glass tube, bent at the bot- 
tom, and filled with mercury. (See 
Fig. 160.) The column of mercury in the long arm 
of the tube is sustained by the pressure of the atmos- 
phere upon the surface of the mercury in the shorter 
arm, the end of which is open. A small fioat of iron 
or glass rests upon the mercury in the shorter arm of 
the tube, and is suspended by a slender thread, which 
ia passed round a wheel carrying an index, or pointer. 
As the level of the mercury is altered by a variation 
of the pressure of the atmosphere, th% float restmg 
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tapon the open surface, is raised or lowered in the Fia. 161. 

tube, moving the index over a dial-plate, upon which 
the various changes of the weather are lettered. 

Fig. 160 represents the internal structure of the 
wheel-barometer, and Fig. 161 its external appear- 
ance, or casing, wHh a thermometer attached. 

Describe the ^ ^®^ °^"°^ barometer, called 
Aneroid Ba- the "Aneroid Barometer,'' has been 
rometer. myented and brought into use withm 

the last few years. Fig. 162 respresents its ap- 
pearance and cohstruction. Its action is dependent 
on the effect produced by atmospheric pressure on a 

metal box, from 
which the air 
has been ex- 
hausted. In the 
interior of the 
box is a circu- 
lar spring of ^ 
metal, fastened 
at one extremi- 
ty to the sides 
of the box, and 
i attached at the 
other extremity 
by a suitable ar- 
rangement to a 
pointer, which 
moves over a 
dial-plate, or 
scale. The in- 
terior of the box being deprived of air, the atmospheric pressure upon the 
external surfaces of the metal sides is very great, and as the pressure varies, 
these surfaces will be elevated and depressed to a slight degree. This motion 
is communicated to the spring in the interior, and from thence to the pointer, 
which, moving upon the dial, thus indicates the changes in the weather, or 
the variation in the pressure of the atmosphere. 

,—. ., "Water, or some other liquid than mercury, may be used for 

peculiarities of filling the tube of a barometer. But as water is 13| times 
lighter than mercury, the height of the column in the water- 
barometer supported by atmospheric pressure, will be 13^ times 
greater than that of mercury, or about 34 feet high ; and a change which 
would produce a variation of a tenth of an inch in a column of mercury, would 
produce a variation of an inch and a third in the column of water. The 
water-barometer is rarely used, for various reasons, one of which is, that a 
barometer 34 feet high is unwieldy and difficult to transport. 
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382. The ordinary use of the barometer on land as a weather 
^oe 5 £e indicator is extremely limited and .uncertain. It has been 
barometer as a already stated that the weight of 100 cubic inches of air is 
catorl^ ^ ' about 30 grains. To obtain this result, it is necessary that the 

experiment should be performed at the level of the sea, and it 
is also requisite that the temperature of the air should be about 60° Fahren- 
heit's thermometer, and that the height of the column of mercury in the ba- 
rometer tube should be 30 inches. As these conditions vary, the weight, or 
pressure of the atmosphere, and consequently the height of the mercury in 
the barometer tube must also vary. Especially will the height of the mer- 
curial column vary with every change in the position of the mstrument as 
i^ards its elevation above the level of the sea. A barometer at the base of 
a lofty tower will be higher at the same moment than one at the top of the 
tower, and consequently two such barometers would indicate different com- 
ing changes in the weather, though absolutely situated in the same place. No 
correct judgment, therefore, can be formed relative to the density of the at- 
mosphere as affecting the state of the weather, without reference to the situ- 
ation of the instrument at the time of making the observation. Consequently, 
no attention ought to be paid to the words "/«*^» ^^^'^ chmgedbky'^ etc., fre- 
quently engraved on the plate of a barometer, as they will be found no cer^ 
lain indication of the correspondence between the heights marked, and the 
state of the weather. 

The barometer, however, may be generally relied on for 
ma^'^fte^* ftimishing an indication of the state of the weather to this ex- 
lometerbe re- ^jjj;. — fi^j^ ^ fall of the mercury in the tube shows the ap- 
t^ingchaiJ'ge^B proach of foul weather, or a storm; while a rise indicates 
tothe weather? ^^^ approach of fair weather. 

At sea, the indications of the barometer respecting the weather, are gener- 
ally considered, from various circumstances, more reliable than on land: the 
great hurricanes which frequent the tropics, are almost always mdicated, some 
time before the storm occurs, by a rapid fall of the mercury. 

383. If a barometer be taken to a point elevated above the 
2S?m?tS *b? surface of the earth, the mercury in the tube will fall ; because 
J^Jor deter- ^g we ascend above the level of the sea, the pressure of the 
heighf of * atmosphere becomes less and less. In this way the barometer 
mountains? maybe used to determine the heightsof mountains, and tables 
have been prepared showing the degrees of elevation corresponding to the 
amount of depression in the column of mercury. 

What is the 384 The absolute height to which the at- 
rapposed height mospherc extends above the surface of the 

of tne atmoB- i^ ■• m-i A 

phere? earth is not certainly known. There are gooa 

reasons, however, for believing that its height does not 
exceed fifty miles. 

This envelope of air is about as thick, in proportion to the whole globe, as 
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the liquid layer adhering to an orange after it baa been dipped in water, ia 
to the entire mass of the orange. Of the whole bulk of the atmosphere, the 
zone, or layer which surrounds the earth to the height of nearly 2 3-4 miles 
from its sur&cei is supposed to contain one haUl The remaining half being 
relieved of all superincumbent pressure, expands into another zone, or belt, 
of unknown thickness. Pig. 163 will convey an idea of the proportion which 
the highest mountains bear to the curvature of the earth, and the thickness 
of the atmosphere. The concentric lines divide the atmosphere into six layers, 
containing equal quantities of air, showing the great compression of the lower 
layers by the weight of those above them. 

FiQ. 163. 




HDfAIATAS. 



Wh»t th "VVater is about 840 tames the weight of ab, taken bulk fer 

comparative bulk, and the weight of the whole atmosphere enveloping our 
jgigtt of the globe has been estimated to be equal to the weight of a ^be 
of lead sixty miles in diameter. 
If the whole air were condensed, so as to occupy no more 'space than the 
siune weight of water, it would extend above the earth to an elevation of 
thirty-four feet 

H is th ^^^' '^ aeriform, or gaseous substances, 

pressure of Ukc Uquids, transmit pressure in every direc- 

aerlform rab- , ^^ t /% i i 

■taBcei exert- tiou equally ; therefore, the atmosphere presses 
upward, downward, laterally, and obliquely, 
with the same force. 
386. 



What Ifl the 
amount of 
pressure ex- 
erted b7 the 
atmosphere f 



What pressure 
is sustained 
hy the human 
hodyl 



Why are we 
not crushed by 
ttie pressure <n 
4ie atmosphere? 



The amount of pressure which the at- 
mosphere exerts at the level of the ocean is 
equal to a force of 15 pounds for every square 
inch of surface. 

The surface of a human body, of average size, measu^^ 
about 2,000 square inches. Such a body, therefore, sustains 
a pressure from the atmosphere amounting to 30^000 pounds, 
or about 15 tons. 

The reason we are not crushed beneath so enormous a load, 
is because the atmosphere presses equally in all directions, 
and our bodies are filled with liquids capable of sustaininfl^ 
pressure, or with air of the same density as the external air; 
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80 that the external pressure is met and oounterbalanoed by the internal re- 
sistance. 

If a man, or ammal were at once relieyed of all atmospheric preasure, all 
the blood and fluids of the body would be forced by expansion to the sur&OG^ 
and the vessels would burst 

^ ^ ^ , Persons who ascend to the summits of very high mountains, 

What effeet iB ,^ . ^ ^ i ^. • i. « l • j 

experienced in or who nse to a great elevation m a balloon, have expenenced 

^wfkT ^r*^ ^^ ™^ intense suffering from a dimination of the atmos- 
pheric pressure. - The air contained in the vessels of the body, 
being relieved in a degree of the external pressure, expands, causing intense 
psdn in the eyes and ears, and the minute veins of the body to swell and 
open. Travelers, in ascending the h^h mountains of South America^ have 
noticed the blood to gush from the pores of the body, and the skin in many 
places to crack and burst 

What ch ^® become painAilly sensible of the effect of withdrawing 

principle of the external pressure of the atmosphere from a portion of the 
" copping r* gj^n Qf the body in the operation of cupping. This is effected 
in the following manner : a vessel with an open mouth is connected with a 
pump, or apparatus for exhausting the air. The mouth of the vessel is ap- 
plied in air-tight oontact with the skin ; and by working the pump a part of 
the air is withdrawn from the vessel, and consequently the skin within the 
vessel is relieved from its pressure. All other parts of the body being still 
subjected to the atmospheric i^essure^ and the elastic force of the fluids con- 
tained in the body having an equal degree of tension, that part of the skin 
which is thus relieved from the pressure swells out, and will have the ap- 
pearance of being sucked into the cupping-glass. 

If the lips be s^plied to the back of the hand, and Hie breath di^wn in so 
as to produce a partial vacuum in the mouth, the skin will be drawn, or sucked 
m— not from any force resident in the lips or the mouth drawing the skin in, 
but from the &ct that the usual external pressure of air is removed, and the 
pressure from within the skin is allowed to prevail 

,^ , « The sense of oppression and lassitude experienced in sum* 
Why do we of- ^ _^ j x. 

ten feel op- mer previous to a storm, is caused by ^^ 

prewed before ^ dimmished pressure of the atmosphere. ^^' 

The external air, in such instances, be^ 
oomes greatly rarefied by extreme heat and by the con- 
densation of vapor, and the air inside us (seeking to 
become of the same rarity) produces an oppressive and 
suffocating feeling. 

^ __.^ ^^ 38T. Tb^ direct effects of atmospheric 

Deaenbe ine , mi x_ ^ j i. 

eomiDOB sock- pressure may be illustrated by many 

*'• practical experiments. If a piece of 

moist leather, called a sucker, Fig. 164, be placed in 
dose contact with any heavy body, such as a stone, or a 
piece of metal, it will adhere to it, and if a cord be at- 
tached to the leather, the stone, or metal, may be raised 
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Upon what 
principle are 
flies enabled to 
walk upon the 
ceiling, etc t 



Explain the 
principle and 
oonstruction of 
the exhausting 
syringe and air- 
pump? 



by it The effect of the sncker arises from the exclusion of the air between 
the leather and the sur&ce of the stone. The weight of the atmosphere 
presses their surfaces together with a force amounting to 15 pounds on every 
square inch of the surface of contact If the sucker could act with full 
effect, a disc an inch square would support a weight of 15 pounds ; two 
square inches, 30 poundis, eta The practical effect, however, of the sucker 
is much less. 

388. The power of flies and other small insects to walk on 
ceilings, and surfaces presented downward, or upon smooth 
panes of glass, in opposition to the gravity of their bodies, is 
explained upon the same principle^ Their feet are provided 

with an apparatus which acts as the sucker applied to the stone, excluding 
the air between the base pf the foot and the surface with which it is in con- 
tact; the atmospheric pressure keeps the animal in position. 

389. For \he purpose of exhibiting the effects produced by 
the atmosphere in different conditions, and for various practi- 
cal purposes, instruments have been contrived by which air 
may be removed from the interior of a vessel, or condensed 
into a small space to any extent, within certain limits. The 

first of these requirements may be obtained by the use of the instrumenta 
known as the exhausting syringe and the air-pump. 

The exhaustmg syringe consists of a hollow cylinder, generally Fiq, 165, 
of metal, B 0, Fig. 165, very truly and smoothly bored upon the 
inside, and having a piston moving in it air-tight This' cylinder 
communicates by a screw and pipe at the bottom, with any ves- 
sel, generally called a receiver, from which it is desirable to with- 
draw the^ir. The piston has a valve at E, opening upward, 
and at the bottom of the cylinder another valve precisely similar 
IS placed, which also opens upward, shown at A. Suppose 
BQW the piston to be at the bottom of the cylinder and the re- 
ceiver to be in proper connection — ^upon raising the piston by 
the handle, D, a vacuum is made in the cylinder ; immediately 
the air in the receiver expands, passes through the valve A at 
the bottom of the cylinder, and fills its interior ; upon depressing 
the piston, the valve E opening upward permits the air to pass 
through, and the valve A at the bottom of the cylinder dosmg, 
prevents it from passing back into the receiver. Upon again 
raising the piston, a fiirther portion of air expanding from the 
receiver, enters the mterior of the syringe, and upon depressing the piston, 
passes out through its valve. It is evident that this operation may be con- 
tinued as long as the air within the receiver has elasticity Bufficient to force 
open the valves. 

The process of removing air fix)m a vessel, or receiver, by means of the ex- 
hausting syringe is slow and tedious, and more powerful instruments, known 
as air-pumps, are generally employed for this purpose. The modem form 
of constructing the air-pump is represented by Fig. 166. The principle of its 
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(xmstnictioii is the same as Fio. 166. 

that of the exhausting sy* 

linge, the piston being work* 

. ed bj a lever or handle, as in 

the common pump, the yalves 

opening and* closing with 

great nicety and perfection. 

«n. . , *v 381. When 

What is the . , .^ 

construction of tne density 

the condenaiDg ^f ^^^q air iS 
lyringer . 

required to 

be increased, the condensing 
syringe, the converse of the 
exhausting syringe, is em- 
ployed. It consists merely 
of an exhausting syringe, or 
air-pump, reversed, its valves 
being so arranged as to force 
air into a chamber, instead of 
drawing it out. For this 
purpose, the valves open 
inward ui respect to the interior of the cylinder, while in the exhausting 
syringe and air-pump, they open outward. 

382. That the mr in the inside of FiG. 16t. 

vessels is the force which resists and 

counterbalances the great pressure 

of the external atmosphere, may be 

proved by the following experiment: 
A strong glass vessel, Fig. 16*7, is provided, open 
both at top and bottom, and having a diameter of 
four or five inches. Upon one end is tied a bladder, 
80 as to be completely air-tight, while the other end is FiG. 168. 
placed upon the plate of an dr-pump. Upon exhaust- 
ing the air from beneath the bladder, it will be forced 
inward by the pressure of the air outside, and when the 
exhaustion has been carried to such an extent that the 
strength of the bladder is less than this pressure, it will 
burst with a loud report. 

.—^ ^ 383. The air-pump was invented, in 

experiment of the year 1654, by Otto Guericke, a Ger- 

HeiJSf hIreaT ^^^ ^^ ** * ^®^* P^^^^ exhibition of 
its powers, made in the presence of the 
emperor of Germany, the celebrated experiment known 
as the " Magdeburg Hemispheres," was first shown. The 
Magdeburg Hemispheres, so called from the city where 
Guericke resided, consist of two hollow hemispheres of 

8* 



What IB an ex- 
perimental 
proof of the 
crashing force 
of the atmos- 
phere? 
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Describe, the 
principle and 
construction of 
the gasometer. 




Fia. i-ro. 



brass, Fig. 168, which fit together sdr-tight. By oishiuisting the air in th^ 
interior, by means of the air-pamp, and a stop-cock arrangement affixed to 
one of the hemispheres, it will be found that they can not be palled apart 
without the exertion of a very great force, since they will be pressed to- 
gether with a force of 15 pounds for every square inch of tiieir sur&oe; 
In the exhibition above referred to, given of these hemispheres by Gueridce^ 
the sui&ces of a pair constructod by him were so larger that thirty hoxsesy 
fifteen upon a side, were unable to pull them apart By admitting the air 
again to their interior, the Magdeburg hemispheres &U apart by their own 
weight. 

Another interesting example of atmospheric pressure is^ 
to fill a wine-glass, or tumbler with water to the brim, 
and, having placed a card over the mouth, to invert it 
cautiously. If the card be kept in a horizontal posttioo, 
the water will be supported in the glass by the pressure 
of the air against the sur&ce of the card. (See Fig. I6d.) 
384. In a like manner, if we take a 
jar, and having filled it with water, ixt 
vert it in a reservdr or trough, as is rep* 
resented in Fig. 170, it will continue to be 

completely filled with water, tiie lU 
quid being sustained in it by the profit 
Bure of the atmosphere upon the water 
in the vessel* Such an arrangement 
enables the chennst to eollect and pre- 
serve the various gases without admix- 
ture with air; for if a pipe or tube 
through which a gas is passing be 
depressed beneath the mouth of the 
jar, so that the bubbles may rise into 
it, they will displace the water, and be 
collected in the upper part of the jar, 
free of all admixture. 

The gasometers, or large cylindrical 
vessels in which gas is ooUectod in 
gas-works for general distribution, are 
constructed on this principle. They 
consist, as is shown in Fig. 171, of a 
large cylindrical reservoir suspended with its mouth downward, and plunged 
in a cistern of water of somewhat greater diameter. A pipe which leads 
fh)m the gas-works is carried through the water, and turned upward, so as to 
enter the mouth of the gasometer. The gas, flowing through the pipe, rises 
into the gasometer, filling the upper part of it, and pressing down the water. 
Another pipe, descending from the gasometer through the water, is continued 
to the service pipes, which supply the gas. The gasometer is balanced by 
counter weights supported by chains, which pass over pulleys, and just such 
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a prepcmderanoe is allowed U) it as is sofiS^ent to give the gas contained in 
it the compression necessary to drive it through the pipes to Uie remotest part 
of the district to be illominatod. 

Fio. 171. 




Why win not 
ft liquid floir 
f^pom Ik ti^t 
cask with only 
one opening? 



386. A liquid will not flow continuously from a tight cask 
after it has been tapped or pierced, unless another opening 
is made as a vent-hole, in the upper part oi the cask. The 
cask being air-tight, with the exception of a single opening 
the surface of the liquid in the vessel will be excluded from 
the atmospheric pressure, and it can only flow out in virtue of its own 
weight. But if the weight of the Uquid be less than the force of the air press- 
ing upon the mouth of the opening, the liquid can not flow from the cask; the 
moment, however, that the air is enabled to act through the vent-hole in the 
upper part of the cask, the pressure below is counterbalanced, and the liquid 
descends and runs freely through the opening by its own weight,. 

If the lid of a tea-pot or kettle be air-tight, the liquid will not flow freelj 
tt&ai the spout, on account of the atmospheric pressure. This is remedied 1^ 
making a small hole in the lid, which allows the air to enter from withoat 



What ii the 
ivinciple and 
constnietion of 
the Pnenmatie 
Ink-stand? 



FlO. 172. 



The Pneumatic Ink-stand, de- 

EDgned to prevent the ink from 

thickening, by the exposure of a 

small sur&ce only to the air, is 

constructed upon the principles 
ci atmospheric pressure. It consists of a dose 
glass vessel, represented in Fig, 172, from the 
bottom of which a short tube proceeeds, the 
depth of which is-suffici«it for the immersion 
of the pen. By filUng the ink-stand m an inclined position, we exclude th« 
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air in great part from the interior, and on replacing it in an upright position, 
the ink will be prevented from rising in the small tabe and flowmg over, on 
account of the atmospheric pressure upon the exposed sur&ce of the ink in 
the small tube, which is much greater than the pressure of the column d 
liquid in the interior of the vesseL As the ink in the small tube is consumed 
by use, its sur&ce will gradually fall; a small bubble of air will enter and 
rise to the top of the bottle, where it will exert an elastic pressure, which 
causes the surface of the ink in the short tube to rise a llttie higher, and this 
effect will be repeated until all the ink in the bottie has been used. 

386. The peculiar gurgling noise produced when liquid is 
b^tS'e ^gwgiS fr®®ly poured from a bottie, is produced by the pressure of the 
when a liquid atmosphere forcing air into the interior of the bottle. In the 
iJ^SS'^itlT' first mstance, the neck of the bottie is filled with Uquid, so as 

to stop the admission of air. When a part has flowed out, 
and an empty space is formed within the bottie, the atmospheric i^essure 
forces m a bubble of air through the liquid in the neck, whidi by rushing 
suddenly into the interior of the bottie, produces the sound. The bottie will 
continue to gurgle so long as the neck continues to be choked with hquid. 
But as the contents of the bottie are discharged, the liquid, in flowing out, 
only partially fills the neck ; and, while a stream passes out through the lower 
half of the neck, a stream of air passes ia through the upper part. The flow 
being now continued and uninterrupted, no sound takes place. 

38T. Water, and most liquids exposed to the air, absorb a 
"^S'water?^ greater or less quantity of it, which is maintained in them by 

the pressure of the atmosphere actmg on their surfeces. 
Boiled water is flat and insipid, because the agency of heat expels the air 
which the water previously contained. Fishes and other marine animals 
could not live in water deprived of air. 

„ ^ The presence of air in water may be shown by pladng a 

pKsenoeofair tumbler containing this liquid under the receiver of an air- 
■how^?" ^ pump, and exhausting the air. The pressure of the air being 

removed from the surface of the water, minute bubbles will 
make their appearance in the whole mass of the water, and rising to the sur- 
&ce, escape. 

_. ^ The reason that certain bottied liquors froth and sparkle 

Why do some ^ 

hotUed liqoidB wheu uncorked and poured into an open vessel is, that iK^en 
frotti and spar- ^YiQy are bottied, the air confined under the cork is condensed, 
and exerts upon the surface a pressure greater than that of 
the atmosphere. This has the efifect of holding, m combination with the 
liquor, air or gas, which, under the atmospheric pressure only, would escape. 
If any air or gas rise from the liquor after being bottied, it causes a still greater 
condensation, and an increased pressure above its surface. When the coric 
is 'drawn from a bottle containing liquor of this kind, the air fixed in the 
liquid, being released from the pressure of the air which was condensed under 
the cork, instantiy makes its escape, and rising in bubble^' produces efferves- 
cence and fi^)th. 
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It sometimes happens that the united force of the air and gases thus con- 
fined in the bottle, becomes greater than the oohesive strength of the parti- 
cles of matter composing the l)ottle; the sides of the bottle in such cases give 
way or burst 

Those liquors only froth which are yisdd, g^tinous, or thidc, like ale, por- 
ter, etc^ because they retain the little bubbles of air as they rise ; while a thin 
liquor, like champagne, which suffers the bubbles to escape readily, sparkles. 
H i th ^^^' '^^ pressure of the atmosphere is connected with the 

pressure of the action of breathing. The air enters the lungs, not because 
TOMected'^th ^^y ^*^ ^* ^' ^^ ^y *^® weight of the atmosphere forcing 
the act of it into the empty spaces formed by the expansion of the air- 
breathing? ^gjjg Qf ^jjQ lungs. The air in turn escapes from the lungs by 
means of its elasticity ; the lungs, by muscular actioD, compress the air cour 
tained in them, and give to it by compression a greater elasticity than the air 
without. By this excess of elasticity it is propelled, and escapes by the 
mouth and nose. 

389. It has been proposed to take advantage of the pressure 
OTopwed <»n- ^^^^ atmosphere for the construction of an atmospheric tele- 
Btructionof the graph, or apparatus for conreying the mails and other matter 
t^i^pM ** over great distances with great rapidity. The plan proposed 
is as foUows ; — ^a long metal tube is laid down, the interior 
surface of which is perfectly smooth and even. A piston is fitted to the tube 
in such a manner as to move freely in it and yet be air-tight To one side 
of this piston the mattei* to be moved, made up in the form of a cylindrical 
bundle, is attached. A partial vacuum is then made in the tube before the 
piston, by means of large air-pumps, worked by steam-power, located at the 
fiirther end of the tube, when the pressure of the atmosphere on the other 
side of the piston impels it forward through the whole length of the exhausted 
tube. It has been estimated that a piston, drawing afi;er it a considerable 
weight of matter, could in this way be forced through a tube at the rate of 
600 miles per hour. ^^ 

390. The pressure of the atmosphere is taken advantage of in the con- 
stractioii Of a great variety of machmes for raising water } the most important 
and fft Tpili>r of which is the common, or suction pump. 

Describe the The common, or Buction pump, consists 

Se'^'^^on ^f * hollow Cylinder, or Ibarrel, open at both 
pump. ends, in which is worked a movable piston, 

which fits the bore of the cyKnder exactly, and is air-tight. 
The pump is further provided with two valves, one of 
which is placed in the piston, and moves with it, while 
the other is fixed in the lower part of the pump-barrel. 
These valves are termed boxes. 

Fig. 173 represents the construction of the common pump. The body con- 
sists of a cylinder, or barrel, 6, the lower part of which, called the suction- 
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pipe, descends into tbe water vhicfa it is designed to Fig. 1*73. 

raisa In the barrel works a piston containing a valye^ 

Pj opoiing upward. A similar valve, g^ is fixed in the 

body of the pump, at the top of the suction-pipe. S is 

a spout from which the water raised by the working of 

the piston is discharged. 

The operation of the pump in raising water is as fol- 
lows ; — ^wh^i the piston is raised from the bottom ofthe 
cylinder, the air above it is drawn up, leaving a vacuum 
below the piston ; the water in the well then rushes up 
through the valve g^ and fills the cylinder ; the piston is 
tiien forced down, Glutting the valve, g, and causing the 
water to rise through the i»ston-va]ve, p ; the pistcm is 
then raised, ckmng its valve, and raising the water 
above it, whidi flows out of the spoatj S. 

wh doei ^^^' Water rises in a pump 

water rise In a sicftplv and entirely by the 
pressure of the atmosphere 
(15 pounds on every square inch), which 
pushes it up into the void, or vacuum left by the up- 
drawn piston. 

Toirhat height 392. The commou, or suction pump, -can 
fathl^im^ not raise water beyond the point of height at 
pomp? which the column of water in the pump tube 

is exactly balanced by the weight ofthe atmosphere. The 
utmost limit of this does not exceed 34 feet. 

The height to which water is thus forced up in a pump is simply a question 
of balance ; 16 pounds^ pressure of the atmosphere can support only 15 pounds* 
weight of water; and a column of watw, one inch square and 34 feet ^h, 
will weigh 15 pounds. As the pressure of the atmoi^eTe is subject to va- 
riations, and as the mechanism of the pump is never absolutely perfect^ the 
lengtii of the pipe through which water is to be elevated ought never to 
exceed in practice 30 feet above the level of the water in the well, or reser- 




What ii 
Valre? 



893. A valve, in general, is a contrivance by 
which water or other fluid, flowing through a 
tube or aperture, is allowed free passage in one direction, 
but is stopped in the other. Its structure is such, that, 
while the pressure of fluid on one side has a tendency to 
close it, the pressure on the other side has a tendency to 
open it. 
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Figs. 1*74^ 1*75, aad 1*76, represent the* yariomi fivms of yalves uaed In 
pumps^ water-engines, etc. 

Fio. 176. 



Fia. lU. 



Fta. 175. 





394. When It is desired to raise water to a greater height than 34 feet, a 
modification of the pump, called the forcing-pump, is employed. 

What iB a The Forcing-Pump is an apparatus which 
Pordng-pamp? jpaises Water from a reservoir, on the principle of 
the suction-pump, and then, by the pressure of the piston 
on the water, elevates it to any required height. 

Fig. 1*7*7 represents the principle of the oonstnictioa 
of the fordng^pomp. There is no valve in the pis- 
ton c (Fig. 17*7), hut the water raised through the suc- 
tion-pipe 0^ and the valve g^ by the elevation of the 
piston, is forced by each depression of the piston up 
through the pipe e e, which is furnished with a valve to 
prevent the return of the liquid. 

The forcmg-pump, as constracted in Pig. 177, ejects 
the water only at each stroke of the piston, in the 
manner of a syringe. When it is desired to make the 



Fig. 177. 




flow of the water continuous 
as in a fire-engine, an air, 
chamber is added to the 
force-pump, as is represented 
at A, Fig. 178. The water 
then, instead of immediately 
passing off through the discharging-pipe, partially 
fills the air vessel, and by the action of the piston 
in the pump, compresses the air contained in it 
The elasticity of the air, thus compressed, being in- 
creased, it reacts upon the water, and forces its ascent 
in the discharge, or force-pipe. When the air in the 
chamber is condensed into half its original bulk, it 
will act upon the surface of the water with double 
the atmospheric pfefsure, while the water in the 
force-pipe, bemg subject to only one atmospheric 
pressure, there will be an unrestricted force, press- 
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ing the water up, equal to one atmosphere: consequently, a column of water 
will be sustained, or projected to a height of 34 feet. When the air is con- 
densed into one third of its bulk, its elastic force will be increased three- 
fold, and it will then not onlj counterbalance the ordinary atmospheric 
pressure, but will force the water upward with a pressure equal to two at- 
mospheres, or 64 feet, and so on. The ordinary fire-engine is simply a conve- 
nient arrangement of two forcing-pumps, -furnished with a strong air-chamber, 
and which are worked successively by the elevation and depression of two 
long levers called brakes. 

What is a 395. The Syphon is an apparatus by which 
Syphon? ^ liquid can be transferred from one vessel to 
another without inverting, or otherwise disturbing the 
position of the vessel from which the liquid is to be re- 
moved. 

Li its simplest form, the syphon consists of a bent 
tube, ABC, Fig. 179, having one of its branches 
longer than the other. If we immerse the short arm 
in a vessel of water, and by applying the mouth to 
the long arm, as at C, exhaust the air in the tube, 
the water will be pressed over by atmospheric pres- 
sure, and continue to flow so long as the end of the 
lower arm is below the level of the water in the vessel 
U n hat "^^^ action of the syphon is readily 
principle does explained: the column of liquid in 
thesyphonact? ^^e longer arm, and that reachmg in 
the shorter arm trom the top of the curve or bend to the surface of the liquid 
ia the vessel, have both a tendency to obey the attraction of gravity and &11 
oat of the tube. This tendency is opposed, however, on both sides, by 
atmospheric pressure, acting on one side at the opening 0, and upon the 
other upon the surface of the liquid in the vessel, thus preventing, in the 
interior of the tube, the formation of a vacuum, which would take place at 
the curve, if the two columns ran down on both sides. But the column 
on one side being longer than upon the- other, the weight of the long 
column overbalances the short one, and determines the direction of the 
flow; and in proportion as the liquid escapes from the long arm, a fresh 
portion is forced into the short arm on the other side by the pressure of 
the air. The syphon is, therefore, kept full by the pressure of the atmos- 
phere, and kept running by the irregularity of the lengths of the columns in 
its branches. 

A suction-tube is sometimes attached to the syphon to make it more use- 
ful and efficient, as is represented in Fig. 180. By this means we may fill 
the whole syphon without the liquid entering the mouth, by sucking at 
the end of the suction-tube, and temporarily closing the^ end of the longer 
arm. 

In order that the discharge of a liquid by means of the syphon should b© 
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perfectly constant, it is nee- Fio. 180. Fio. 181. 

essaiy that the difference /^^^^ 

of lengths of the colnnins of j ' 

liquid in both branches 

should be immovable. 

This may be effected by 

connectuig the syphon with 

a float and pulley, as is 

represented in Fig. 181. 

T. 1 « *!. The cori- 

Explain the 

phenomenon OUS pheno- 

of intermitting menon of 

flings. 

intermitting 

springs may be explained 
upon the principle of the 
syphon. These springs run 
for a time and then st( 
altogether, and after a time 1 
run again, and then stop, i 
If we supx)Ose a reservoir^ 
in the interior of a hill or '^ 
mountain, with a syphon- 
like channel running from it, as 
in Fig. 182, then as soon as the 
water collecting in the reservour 
rises to the height shown by the 
dotted line, the stream will be- 
gin to flow, and continue flow- 
ing till the reservoir is nearly 
emptied. Again, after an in- 
terval long enough to fill the 
reservoir to the required height, 
it will again flow, and so on. 

When will ft 296- If a solid substance have the same 
Sj^ded"*to density as atmospheric air, it will, when im- 
the air? mcTsed in air, lose its entire weight, and will 

remain suspended in it in any position in which it may 
be placed. 

When wffl a 397. If a solid body, bulk for bulk, be lighter 
tiS^lir'?" ^ *^^^ atmospheric air, it is pressed upward by 
the surrounding particles of air, and rises, upon 
the same principle as a cork rises from the bottom of a 
vessel of water. (See § 85.) 
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As the density of the air oontmuaHy diminishes as we 
wman*a8^d^ ascend from the surfece of the earth, it is evident that such 
ing body re- a body, as it goes up, will finally attain a height where the air 
aiy ? * ^" will have the same density as itself and at such a point the 
body will remain statioaaiy. Upon this principle douda^ at 
different times, float at different degrees of elevation. 
^ It is also upon these principles that aerostation, or the art of navigating the 
air, depends. 

What are Bai. 398. BalIoon$ are machines which ascend 
loona? through the atmosphere, and float at a certain 
teight, in virtue of being filled with a gas or air lighter 
than the same bulk of atmospheric air. 
What are the Balloous are of two kinds. Montgoi-fier, 
two rariettM or rarefied air balloons, and Hydrogen gas 
balloons. The first are filled with common 
aur rarefied by heat, and thus made lighter than the 
surrounding atmosphere ; while the second are filled 
with hydrogen, a gas about fourteen times lighter than 
air. 

Describe the ^® rarefied air-balloon was invented by Montgolfier, a 
Montgoifier, or French gentleman, in 1782, who first filled a paper bag with 
wjefiedairhal- j^g^^^ ^^ ^^ allowed it to pass up » chimney. He after- 
ward'constracted balloons of silk, of a spherical shape, with 
an aperture formed in the lower surface. Beneath this opening a light wire 
basket was suspended, containing burning material The hot air arising from 
the burning substances, enters the aperture, and rendering the balloon spedfio- 
ally lighter than the air, causes it to ascend with considerable velocity. 
Small balloons of a similar character are firequently made at the present day 
of paper, the air withm them being rarefied by means of a sponge soaked in 
alcohol, suspended by a wire beneath the mouth, and ignited. 
Describe tiie ^^® hydrogen gas balloon consists of a light silken bag, 
hj^rogen gas ^J^ed either with hydrogen, or common illuminating gas. The 
<^**°- difierenoe between the specific weight of either of these gases 

and common air is so great, that a l^ge baUoon fiUed with them possesses 
ascensional power sufficient to rise to great heights, carrying with it consid- 
©rable additional weight. The aeronaut can descend by allowmg the gas to 
©scape by means of a valve, thereby diminishing the bulk of the baUoon. To 
enable him to rise again, b^last is provided, generally consisting of bags of 
sand, by throwing out wHich, the balloon is Ughtened, and accordingly 

1*1 Aaa 



By means of one of these machmes Gay Lussac, an eminent French chem- 
ist, ascended m 1804, for the purpose of making meteorological observatioM^ 
to the great height of 23,000 feet. 
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DotheUwsof 399. Air obeys the laws of motion which 
»jo^ *ppiy are common to all other material and ponder- 
able substances. 
Howl* the mo- ^00. The momcntum of air, or the amount 
SSllLted^?**' ®f force which it is capable of exerting upon 
bodies opposed to it, is estimated in the same 
way as in the case of solids, viz., by multiplying its weight 
by its velocity. 

_-. gj^ The momentum of air is uaefullj employed as a mechanical 
tntiont of the agent in imparting motion to wind-mill^ and to ships. Its . 
momentam of jj^^^ striking effects are seen in the force of wind, which oo- 
casionally, in hurricanes and tortiadoes, acts with fearful 
power, prostrating trees and buildings. Such results are caused bj the mo- 
mentum of the air being greater than the force bj which a building, or a tree 
is fiistened to the earth. 

401. Any force acting suddenly upon the air firom a center, 
the rings of imparts to it a rotary movement A .yeiy beautiftd illustra- 
STto B^Sf ^^^ of this is seen in the rings of smoke which are produced 
and in the dii- by the mouth of a skilM tobacco-^nnoker, and frequently also 
^rge of can- ^p^^ ^ ^^^jj^ lajg^j. g^^Q ^jy ^q discharge of cannon, on a 

still day. In these cases' a portion 
of air acted upon suddenly finom a center is caused '^^' *** 

to rotate, and the particles of smoke render the mo- JSpCx^^TJlTiif^l^^ 

tion visible. The whole circumference of each 1^^!^ ^^^ 

drde is in a staite of rapid rotation, as is shown by ^v(?J^ffi[^52t^ 
the arrows in Fig. 183. The rapid rotation in ^AM^ 

short, eonflnes the smoke within the narrow limits of a circle, and causes the 
riBgs to be well defined. 

PBACTICAL PROBLEMS IN PNEUMATICS. 

1. If lOe caUo t&ehei of air weigh 31 gndns, wlwt wlB he the weight of one esMc loot t 

2. If the prenore of the atmosphere he 16 ponnds upon a aqnare ineh, what prewnre 
win the body of an animal austain, whoae aapeffleial miriMe ii foFtj aqBare feet ? 

3. When the elevation of the mercury in the harometo* ii S8 inehea, what will he Uie 
height of a cohimn of water supported by the preaaure of the atmoqphere t 

Solution: Column of mereury supported by the aknosphere — 28 inches. Mercury 
heing 13i times heavier than water, the column of water supported by the atmosphere «■ 
18^x28=31 feet 

4. When the elevation of the mercury in the barometer is 30 inches, what will be the 
height of a column of water supported by the atmosphere? 

5. To what he^ht may water be raised by a common pump, at a place where the ba- 
rometer stands at 24 Inches t 

6. If a cubic inch of air weighs .80 of a gndn, what weight of air will a vessel whose 
capacity is 40 cable inches, contain f 



CHAPTER XL 

A0OUSTIC& 

402. Acoustics is that department of phys- 
science of icol science which treats of the nature^ phe- 
^°* ^ nomena, and laws of sound. It ako includes 
the theory of musical concord or harmony. 

^ ^^ 403. Sound is the sensation produced on the 

Wliat la Sound? o i_ • i , , , , 

organs of heanng, when any sudden shock or 
impulse, causing vibrations, is given to the air, or any 
other body, which is in contact, directly or indirectly, with 
the ear. 

undcrirh»tcir- 404 Wheu au clastic body is disturbed at 
5ib?ato?rmo?t ^^7 poiiit, its particles execute a series of vi- 
menta arise? "bratory movcmeuts, and gradually return to a 
position of rest. 

Thus when a glass tumbler is struck by a hard body, a tremulous agitation 
is transmitted to its entire mass, which moyement gradually diminishes in 
force until it finally ceases. Such movements in matter are termed vibra- 
tions, and when communicated to the ear produce a sensation of sound. 

The nature of these vibratory movements may be illustrated by noticing 
the visible motions which occur on striking or twitching a tightly extended 
cord, or wire. Suppose such a cord, repre- pj^ ^g^ 

sented by the central line in Fig. 184 to be 
forcibly drawn out to A, and let go; it 
would immediately recover its original posi- 
tion by virtue of its elastidty ; but when it 
reached the central point, it would have ac- 
quired so much momentum as would cause 
it to pass onward to a; thence it would vi- 
brate back in the same manner to B, and back again to &, the extent of its 
vibration being gradually diminished by the resstance of the air, so that it 
would at length return to a state of rest 

Describe Uie ^ vibratory movements of this kind aQ the separate par- 
^^'® ^^b** ^^^ ^™® ^^ motion at the same tune, simultaneously pass 
tlon, the point of equilibrium, or rest, simultaneously reach the 

maximum of their vibration, and simultaneously begin their retrograde mo- 
tion. Such vibrations are therefore called stationary, or fixed vibrationsL 
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How may fhe 
■oand-vibra- 
lions in solid 
bodies be ren- 
dered yislble? 



jj^^^j^j^^ ^ I? however, the motioiis of the vibrating body are of such a 

nature of a character that the agitation proceeds from one particle to an- 
braSS^*^' other, so that each makes the same vibration, ot oscillation, 
as the preceding one, with the sole exception of the motion 
beginning later, we have what is called progressive vibrations. Thus if we 
&8ten a cord at one end, and move the other end up and down, a wave, or 
progressive vibration, is produced. 

As the clearest conception can be formed of vibrations by comparing them 
to the waves produced by throwing a stone into smooth water, the term un- 
dulatory, or wave movement, has been adopted in general to express the 
phenomena of vibrationa 

405. DaOy experience teaches us that almost eveiy motioh of bodies in our 
vidnity is accompanied by a noise perceptible to our ears. All such sounds 
are the result of the vibrations of a portion of matter, and the nature of the tone^ 
or sound, depends only on the manner in which these vibrations originate. 

406. Sound-vibrations in solid bodies may be rendered vis- 
ible by many simple contrivances. If we attach a ball by 
means of a string to a bell, and strike the bell, the ball will 
vibrate so long as the bell continues to sound. When a bell 
is soundmg, also, the tremulous motion of its particles may be 
perceived by gently touching it with the finger. If the finger is pressed 
firmly against the bell, the sound is stopped, because the vibrations are in- 
terrupted. When sounds are produced by drawing the wet finger around the 
edge of a glass containing water, waves will be seen undulating from the sides 
toward the center of the glass. 

When a tuning-fork is struck and made to sound, its vibrations Fio. 185. 
are clearly visible, both branches alternately approaching and re- 
receding from each other, as is represented in Fig. 186. 

If we strike a tuning-fork, and then touch the surface of mercury 
with one of its extremities, the surface of the mercury will exhibit 
little undulations or waves. 

How a tb ^^ °^^* interesting method of exhibiting the 
so-called aeons- character of sound is by means of the so-called 
ires pro- "acoustic figures," which may be produced in the 
following manner: — Sprinkle some fine sand over a 
square or round piece of thin glass or metal, and holding the plate 
firmly by means of a pair of pincers, draw a violin bow down the edge ; the 
sand is put in motion, and finally arranges itself along those parts of the sur&ce 

which have the least vi- 
Fia. 186. bratory motion. By chang- 

ing the point by which 
the plate is held, or by 
varying the parts to which 
the violin bow is applied. 



daeed? 



J 




mm 



the sand may be made to 
assume various interesting figures, as is represented in Fig. 186. 
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_^ , . ,^ 407. Air is the tuaual medium through which 

What is the _ . _ - --,- ^, 

nsaai medium souud IB coDveyed to the ear. The vibrating 
aoandis^ropa. bodj imparts to the air in contact with it an 
^ undulatorjr, or wave-like movement, which, 

propagating itself in every direction, reaches the ear, and 
produces the sensation of sound. 

What are wn- 408. Vibrating bodies which are capable of 
joroua bodies? ^j^^g imparting undulations to the air, are 
termed sounding, or sonorous bodies. 

The adrial vibrations, or undulations thus caused, propagate themselves 
from the center of disturbance in concentric circles, in the same way that 
waves spread out upon the smooth surface of water. If such waves of water, 
propagated from a center, encounter any obstruction, as a floating body, they 
will bend their course round the sides of the obstacle, and spread oat obliquely 
beyond it So the undulations of air, if interrupted in their progress by a 
high wall or other similar impediment, will be continued over its summit and 
propagated on the opposite side of it. 

In a sound-wave or undulation of the air, as in a wave of water, there ia 
no permanent change of place among the particles, but simply an agitation, 
or tremor, communicating from one particle to another, so that each particle^ 
like a pendulum which has been made to oscillate, recovers at length its 
original position. 

This motion maybe best illustrated by comparing it to the motion pro- 
duced by the wind in a field of grain. The grassy waves travel visibly over 
the field in the direction in which the wind blows; but this appearance of 
an object moving is only delusive. The only real motion is that of the heads 
of the grain, each of which goes and returns as the stalk stoops or recovers 
itsel£ This motion affects successively a line of ears in the dhrection of the 
wind, and affects simultaneously all the ears of which the elevation or de- 
pression forms one visible wave. The elevations and depressions are propa- 
gated in a constant direction, while the parts with which the space is filled 
only vibrate to and fix}. Of exactly such a nature is the propagation of sound 
through air. 

Under what ^^' ^^ °^ suhstauce intervenes between the 
BiSd'^?Te vibrating body and the organs of hearing, no 
S'SundV ^^ sensation of sound can be produced. 

This is readily proved by placing a bell, rung by the action 
of clock-work, beneath the receiver of an air-pump, and exhausting the air. 
No sound will then be heard, although the striking of the tongue upon the 
bell, and the vibration of the bell itaellj are visibla Now, if a little air be 
admitted into the receiver, a faint sound will begin to be heard, and this 
sound will become gradually louder in proportion as the air is gradually read- 
mitted, until the air within tlie receiver is in the same ccmdition as that without 
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Sound, therefore, cannot be propa§;ated through a yacimm. 

''The loudest sound on earth, ^ereibre, cannot penetrate beyond the 
fimits of our atmosphere ; and in the same manner, not the faintest sound 
can reach our earth fi-om any of the other planeta Thus the most fearful 
explosions might take place in the moon, without our hearing anything of 
them." 

Hoir does the ^^^' ^^^6 powei of air to transmit Bound 
JJ^JS^^^jf varies with its uniformity, its density, and its 
^*^' humidity. 

Whatever tends to agitate or disturb the condition of the atmosphere, affects 
the transmission of sounds. When a strong wind blows firom the hearer to- 
ward a sounding body, a sound often ceases to be heard which would be 
audible in a calm. Failing rain, or snow, interferes with the undulations of 

j sound-waves, and obstructs the transmission of sound. 

I The fact that we hear sounds with greater distinctness by 

h^ Monds night than by day, m^f be, in part, accounted for by the cir- 

more distinctiT' cumstance, that tiie different layers or strata of the atmosphere 

^ d^^ ^1^ ^^^ liable to variations in density and to currents, caused 

by changes of temperture, at night tiian by day. The air at 

I nig^t 18 also more still, from the suspension of business and hum of men. 

I Many sounds become perceptible during the night, which during the day are 

completely stifled, before they reach the ear, by the din and discordant noises 
of labor, business, and pleasure. 

Sound of any kmd is transmitted to a greater distance in cold and clear 
weather than in warm weather, the density of air being increased by cold 
and dimmshed by heat 

On the top of high mountains, where the air is greatly rare- 
ki^tionB of ^^ ^^® sound of the human voice can be heard for a short 
the ^rtetioa distance only; and on the top of Mont Blanc, the explosion 
^^■onnd in ^ ^ pistd appears no louder than that of a small cracker. 
When perB(xis descend to any considerable depth in a diving- 
bell, the air aroimd them is compressed by the weight of a considerable column 
of water above them. In such drcumstanoes, a whisper is almost as loud as a 
shout in the open air; and when one speaks with ordinary force it produces 
an effect so loud as to be painfuL 

Is air neoet. 411. Air is not neccssary to the production 
JSucSn *rf of sound, although most sounds are transmitted 
■oundf |jy j^g vibrations. Sound can be produced un- 

der water, and all bodies are more or less fitted, not only 
to produce, but also to transmit sounds. 
whatsohrtan- 412. Souud is commuuicated more rapidly 
Ste ~™|SSnd and more distinctly through solid bodies than 
moatreaday? through either liquids or gases. It is trans- 
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mitted by water near four times more rapidly than by air, 
and by solids about twice as rapidly as by water. 

If we strike two stoneg together under water, the sound will be as loud as 
if they had been struck in the air. 

When a stick is held between the teeth at one extremity, and the other is 
placed in contact with a table, the scratch of a pin on the table may be heard 
with great distinctness, though both ears be stopped. 

The earth often conducts sound, so as to render it sensible to tbe ear, when 
the air &ils to do so. It is well known that the approach of a troop of horse 
can be heard at a distance by putting the ear to the ground, and savages 
practice this method of ascertaining the approach of persons from a great dis- 
tanc& 

The principle tiiat solids transmit sounds more perfectly than air, has been 
applied to the construction c^an instrument called the '* stethoscope." 
D rih« tb ^^® stethoscope consists of a hollow cylinder of wood, some- 

Stethoscope, what resembling in form a small trumpet The wide mouth 
is applied firmly to the'breast, and the other is held to the ear 
of the medical examiner, who is thus enabled to hear distinctly the action of 
the organs of respiration, and judge whether they are in a healthy condition, 
or the reverse. 

How Is the in- 413. Sound decreases in intensity from the 
Jlff^tedtrSS? center where it originates, according to the 
**°'*^ same law by which the attraction of gravita- 

tion varies, viz., inversely as the square of the distance. 
That is to say, at double the distance it is only one fourth 
part as strong ; at three times the distance, one ninth, and 
so on. 

This law applies with its full force only when no opposing currents of air, 
or other obstacles, interfere with the wave movements, or undulations. By 
confining the sound undulations in tubes, which prevent their spreading, the 
force of sound diminishes much less rapidly. It will, therefore, under such 
circumstances, extend to much greater distances. This principle is taken ad- 
vantage of in the construction of speaking-trumpets. 

Sounds can generally be heard, especially on a calm day, at 
heard"mored2k * greater distance upon water than upon land. The plane 
tinctiy npon surface of water, as a smooth wall, prevents the lateral spread- 
land ? "ig Mid dispersion of the sound-waves, although on only one 
fflde. The air over water, owmg to the presence of moist- 
ure, is also generally more dense, and the density more uniform than 
over the land. Water, in addition, is a better conductor of sound than 
the earth. 

The transmission of sound fcom one apartment to another may be prevented 
by filling up the spaces between the partition walls with shavinge, or any 
porous substances. The number of media through which the sound must 
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pafls is thus greatly increased, and eveiy change of medium diminishes the 
strength of sound-waves. 

,^ ^ 414. The velocity of the sound undulations 
eras the reioc- is Uniform, passiug over equal intervals in 

ity of Bound r i . ^ 

equal times. 
The softest whisper, therefore, flies as &st as the loudest thunder. 
With what ve- 415. Sounds of every kind travel, when the 
tSSSitemi? temperature is at 62"=* Fahrenheit's thermom- 
eter, at a rate of 1,120 feet per second, or 
about 13 miles per minute, or 765 miles per hour. The 
velocity of sound increases or diminishes at the rate of 13 
inches for every variation of a degree in temperature above 
or below the temperature of 62^ Fahrenheit. 

Wbvdoweiee "When a gun is fired at some distance, we see the flash a 

the flash of > considerable time before we hear the report, for the reason 

Ei-ttlreport? *^* %^* travels much faster than sound. Light would go 

round the earth 480 times while sound was traveling 13 mile& 

A knowledge of these drcumstanoes is taken advantage of for the measure- 
ment of distances 

How may a Thus, suppose a flash of lightning to be perceived, and on 
the^Tefodt of oo^^**'*? *^® seconds that elapse before the thunder is heard, 
sound be ap- we find them to amount to 20; then as sound moves 1,120 
m^romeit ^®®* "^ ^ second, it will follow that the thunder-cloud must be 
of distances? distant 1,120X20=22,400 feet 

When a long column of soldiers are marching to a measure beaten on the 
drams which precede them, we may observe an undulatorj motion transmit- 
ted firom the drummers through the whole column, those in the rear stepping 
a little later than those which precede theoL The reason of this is, that each 
rank steps, not when the sound is actually made, but when in its progress 
down the column at the rate of 1,120 feet in a second of time, it reaches their 
ears. Those who are near the music hear it first, while those at the end of 
the column must wait until it has traveled to their ears at the above rate. 
Explain the 416. If two waves of water, advancing fix)m opposite direc- 

Sbenomena of tions, meet in such a way that their points of elevation coin- 
tie interference ., «,•,,":, ,.,.«,» .1 Ml 1- 
of soand. cide, a wave of double the height of the smgle one will be 

formed at the point of interception ; or if two wave depressions on the sur- 
fece of water meet, a depression of double depth will be produced. I^ how- 
ever, the two waves come into contact in such a manner that an elevation of 
one wave coincides with the depression of another, both will be destroyed. 
Such a result is termed an interference of waves. In the same manner when 
two series, of sound undulations, propagated from different sounding bodies, 
intersect each other, a like phenomena of interference is produced — ^the two 
undulations destroy each other, and silence is produced. 

9 
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J^(j, 187. Let a h and c d. Fig. 18T, represent two se- 

ries of sound undulaUoDS, advancing in such 
a manner as to cause the elevation of one at e 
to correspond with the depression of 'the other 
at/; then if both are equal in intensity, they 
will neutralize each other, and an instant of si- 
lence will be produced. This fact may be very 
prettily illustrated by holding a common tuning- 
fork, after it has been put in vibration, over the 
mouth of a cylindrical glass vessel, as A, Fig. 188. The air contained within 
FiO. 188. • *^® vessel will assume sonorous vibrations, and a 

tone will be produced. If now a second glass 
cylinder be held in the position B, at right angles 
to A, the musical tone previously heard Will cease ; 
but if either cylinder be removed, the soimd will 
be renewed again in the other. In this curious 
experiment, the silence arises from the interierence 
_ _ of the two sounds. 

Another example of this phenomena may be 
produced by the tuning-fork alone. If this instrument, after being put into vi- 
bration, be held at a great distance from the ear, and slowly turned round its 
axis, a position of the two branches will be found* at which the sound will 
become inaudible. This position will correspond to the points of interference 
of the two systems of undulations propagated frx)m the two branches, ac 
prongs of the fork. 

Upon what does 417. The loudness of a sound, or its degree 
thetoudnesB^of ^f intensity, depends on the force with which 
^^^^ the vibrations of a sounding body are made. 



SECTION I. 



MUSICAL SOUNDS. 



418. All vibrations of sonorous bodies which 
are uniform, regular, and sufficiently rapid^ 

produce agreeable, or musical sounds. 

419. What constitutes the particular differ- 
ence between a noise and a musical sound is 
not certainly known. A noise, however, is 

supposed to be occasioned by impulses communicated ir- 
regularly to the ear ; but in a musical sound the vibra- 
tions of the sonorous body, and consequently the undula- 
tions of the air, must be all is&actly similar in duration 
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and intensity^ and must recur after exactly equal inter* 
vals of time. 

What lA meant ^^' ^^ ^^^ souud impulses be repeated at 
pftchfaTSimd'? ^^^ short intervals, the ear is unable to at- 
tend to them individually, but hears them as 
a continued sound, which is uniform, or has what is called 
a tone or pitchy if the impulses be similar and at equal 
intervals. 

What eri- *^^' ^® natute of musical sounds, andftdeed of all sounds, 
raentiiiiistratea maj be illustrated by tiie following experiment: If we take 
mn^^^imdt * ^^^^ elastic plate of metal, a few inches in length, firmly 
fixed At one end, and firee at the other, and cause it to 
Tibrate, it wUl be found to emit a clear, musical sound, havmg a certain 
tone. 

If the plate be gradually lengthened, it yields tones, or notes, of different 
characters, until finally the vibrations become so slow that the eye can follow 
th^m without difficulty, and all sound ceases. 

„^ , , 422. When the impulses, or vibrations, are few in number 

grave or sharp ? in a given time, the tone is said to be grave ; when they are 
many, the tone is said to be sharp. Musical sounds are spoken 
of as notes, or as high and low. Of two notes, the higher is that which arises 
from more rapid, and the lower firom slower vibrations. 

Beside this, sounds differ in their quality. The same musical note, pn>« 
dnced with the same degree of loudness, and by the same number of vibra- 
tions in thie flute, the clarionet, the piano, and the human voice, is in each 
instance peculiar and wholly different. Why this is we are unable to say. 
The French call this property, by which one sound is distinguished firom an- 
other, the timbre. 

. To produce any sound whatever it is necessary that a cer- 

limit to the tain number of vibrations should be made in a certain time, 
b^^narea^^ If the number produced in a second fells below a certain rate, 
Bite to produce no sound sensation will be made upon the ear. It is beUeved 
^ that the ear can distinguish a sound caused by fifteen vibra- 

tions in a second, and can also continue to h^r though the number reaches 
48,000 per second. Trained and sensitive ears are said to be able to exceed 
these limits. 

When are two 423. Two luusical notcs are said to be in 
S^^Sonf^*^ 'unison when the vibrations which cause them 

are performed in equal times. 
What if an 424. Whcu ouo uote makcs twico the numbcr 

of vibrations in a given time that another makes, 
it is said to be its octave. The relation) or interval which 
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exists bet\^een two sounds, is the proportion between 
their respective numbers of vibrations, 
wh^t iB a 426. A combination of harmonious sounds 

%hord, etc.? jg termed a musical chord; a succession of har- 
monious notes, a melody; and a succession of chords, har- 
mony. 

A melody can be performed, or executed by a single voice; a harmony 
requires two or more voices at the same time. 
Define concord 426. WhcU tWO tOUeS, Or UOtCS, SOUudcd tO- 

»nd discord. gather produce an agreeable effect on the ear, 
their combination is called a musical concord ; when the 
effect is disagreeable, it is called a discord. 

Explain what ^^'^' ^"PP^^ ^® ^^^® * stretched string, as a wire or a 
ia meant by the piece of catgut, such as is used for stringed instruments: now 
of mulricr*^** the number of vibrations which such a cord will mske in a 
given time, are inversely as its length ; that is, if the whole 
cord makes a given number of vibrations in one second, as 100, on shortening 
it one half it wiU make twice as many, or 200, and this will yield a note ex- 
actly an octave higher than the former one. If we reduce its length three- 
fourths, it wiU make four times as many vibrations as at first, and yield a 
note two octaves higher. 

Suppose the stretched string, or wire, to be 32 inches in length. When 
this is struck it will vibrate a certaui number of times in a second, and give 
what is called a key-note. Reduce the string one hal^ and we have the oc- 
tave of that note. But between the key-note and its octave there" is a natu- 
ral gradation by intervals in the pitch of the tone, which heard in succession 
are harmonious, the octave, as its name implies, being the eighth pitch of 
tone, or eighth successive note ascending from the key-note. 

These eight notes, or intervals in the pitch of tone between the key-note 
and its octave, constitute what is called the gamut, or diatonic scale of music, 
because they are the steps by which the tone naturally ascends from any note 
to the corresponding tone above, produced by vibrations twice as rapid. 
These several notes are distinguished both by letters and names. They are : 
C, D, E, F, G, A, B, C; 
Or — do, re, me, fk^ sol, la^ ei, do. 
How are th '^QJ may also be distinguished by numbers indicating the 

notes of the length of the strings and the number of vibrations required 
scale indicated? ^ produce them. Thus, the length of the string producing 
the primary, or key-note, being 32 inches, the lengths of the strings to pro^aoo 
the tones in the entire scale are — 

32, 30, 2T, 24, 21, 20, 18, 16; 
or, supposing that whate\ter be the number of vibrations per second necessary 
to produce the first note in the scale, 0, we agree to represent it by unity, 
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or 1 ; then the nnmbers necessary to produce the other seven notes of the 
octave will be as follows : 

Name of note C, D, E, F, a, A, B, C. 

Number of vibrations . 1, }, |, f, f, |, V,2. 

However &r tbia musical scale may be extended, it will still be found but 

a repetition of similar octaves. ^ The vibrations of a column of air in a pipe 

may be regarded as obeying the same general laws ; notes are naturaUy higher 

in proportion to the shortness of the pipes. 

, ^^ The same note produced on any musical instrument is due 

Is the same , ,/..,. , „,, 

note in any in- to the same number of vibrations per second. Thus, a note 

dSrod^n ^th P^o^^^ced by a string of a piano vibrating 256 times in a seo- 
aanw manner? ond, is also produced in. the flute by a column of air vibrat- 
ing the same number of times in a second, and also in the hu- 
man voice by two chords contained in the upper part of the wind-pipe, also 
vibrating the same number of times in a second. 

It has been ahready stated that the number of vibrations of a cord are in- 
versely as its length ; the number also increases as the square root of the 
force which stretches it. Thus an octave is given by the same length of string 
when stretched four times as strongly. 

SECTION II. 

BEFLECTION OF SOUND. 

,^ ,, , 428. When waves of sound strike against 

What l8 meant /»■•/ i^i i 

hy the refle«j. anv fixed surfacc tolerably smooth, they are 

tfonofsoandr ;; _ , i/., «'', 

reflected, or rebound from that surface, and 
the angle of reflection is equal to the angle of incidence. 

This law governing the reflection of sound is the same as that which gov- 
erns the reflection of all elastic bodies, and also, as will be shown hereafter, 
the imponderable agents, heat and light. 

What ia an ^^* ^^ EcHO is a repetition of sound caused 
^**' by the reflection of the sound waves, or undu- 

lations, from a surface fitted for the purpose, as the side 
of a house, a wall, hill, etc. ; the sound, after its first pro- 
duction, returning to the ear at distinct intervals of time. 

Thus if a body placed at a certain distance from a hearer produces a sound, 
this sound would be heard first by means of the sonorous undulations which 
produced it^ proceeding directly and uninterruptedly from the sonorous body 
to the hearer, and afterward by sonorous undulations which, after striking on 
reflecting Rur&ces, return to the ear. These last constitute an echo. 

In order to produce an echo, it is requisite that the reflecting body should 
be situated at such a distance from the source of sound, that the interval be- 
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tweezL the peroeption of the origlaal and reflected sounds may be suffident to 
prevent them from being blended together. 

When the original and reflected somids are blended together, the effect 
produced is called a resonance, and not an echo. 

Thus, the walls of a room of ordinary size do not produce an echo^ because 
the reflecting surface is so near the source of sound that the echo is blended 
with the original sound ; and the two produce%ut one impression on the ear. 

Large halls, spacious churches, etc., on the contrary, often reverberate or re- 
pDat the voice of a speaker, because the walls are so far off" from the speaker, 
that the echo does not get back in time to blend with the original sound ; 
and therefore each is heard separately. 

The shortest interval suflficient to render sounds distinctly appreciable by 
the ear, is about l-9th of a second ; therefore when sounds follow at shorter 
intervals, they will form a resonance instead of an echo; so that no r^ecting 
surface will produce a distinct echo, unless its distance from the spot where 
the sound proceeds is at least 62|- feet ; as the sound will in its progress in 
passing to and from the reflecting surface, at the rate of 1,125 feet per sec- 
ond, occupy l-9th part of a second, passing over 62^X2=125 feet. 

When is aa ^^^* Where separate surfaces are so situ- 
*^? ™"^*^" ^*®^ *^^* *^®y receive and reflect the sound 
from one to the other in succession, multiplied 
echoes are heard. 



Fio. 189. 



An echo in a build- 
ing near Milan, Italy, 
repeats a loud sound 30 
times audibly. A river 
bounded by perpen- 
dicular walls of rock, 
where the sound is re- 
flected backward and 
forward over the sur- 
face of stfll water, is a 
&vorable situation for 
the production of re- 
peated echoes. Fig. 
189 represents the 
manner in which the 
sounds rebound, in such 
situations, as at 1, 2, 3, 4, from side to aide. 

It is not necessary that the sur&oe producing an echo 
should be either hard or polished. It is often observed at 
sea that an echo proceeds from the surface of clouds. Aa 
echo at sea, however, or on an extensive plane, is heard but 
rarely, there being no surfaces to reflect sound. To insure a 
p^ect echo, the reflecting suriOeuie must be tolerably smooth, and of some 




What condi- 
tions of snrfaee 
are requisite to 
produce a per- 
fect edio? 



BEFLECTION OF SOUND. 



199 



How is floond 
reflected from 
corred rar- 
froes? 



regular form. An irregular sur&ce must break the echo ; and if the irregu- 
laritj be very considerable, there can be no distinct or audible reflection at 
all. For this reason an echo is much less perfect fix>m the front of a house 
which has windows and doors, than fix>m the plane end, or any plane wall of 
the same magnitude. 

431. If the surface ui)on which the sound- 
waves strike be concave, it may concentrate 
sound, and reflect all that falls upon it to a 
point at some distance from the surface, called the focus. 

Fig. 190. Thus, in Fig. 190, if the sound waves 

proceeding in right lines fix>m the points 
<^ A /i 9i ^ strike upon the concave sor- 
fece, ABC, they wiU all be reflected to 
the focus, F, and there concentrated in 
such a way as to produce a most powerful 
effect 
It is npon this principle that whisper- 
ing galleries are constructed, and domes and vaulted ceilings often exhibit the 
flame curious phenomena. In these instances a whisper uttered at one point 
Is reflected from the curved sur&ce to a focus at a distant pointy at which 
sitnation it may be distmctly heard, while in all other positions it will be in- 




-it 
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All are ^miliar with the resonance produced by placing a 
sea-ahell to the ear — an efi^ect which &ncy has likened to the 
'* roar of the sea." This is caused by the hollow form of the 
shell and its polished sur&ce enabling it to receive and return the beatings 
of all sounds that chance to be trembling in the air around the shell 

432. Speaking-tubes a&d speaking-trumpets depend on the principles of the 
reflection of soond. 

Fio. 191. 




433. A Speaking-Trumpet (Fig. 191) is a 
speaking-Trum- hoUow tubc SO constructed that the rays of 
sound (proceeding from the mouth when ap- 
plied to it), instead of diverging, and being scattered 
through the surrounding atmosphere, are reflected from the 
sides, and conducted forward in straight lines, thus giving 
great additional strength to the voice. 
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Fig. 193. 



Fio. 192. The course of the rays of 

sound proceedmg from the 
mouth through this instru- 
ment^ may be shown by 
Fig. 192. The trumpet be- 
ing direct^Hl to any point, a 
coliection of parallel rays of 
sound moves toward such 
point, and they rearh the 
ear in much greater number than would the diverging rays which would pro- 
ceed from a speaker without such an instrument 

What !b an 434. All Ear-Truuipet is, in form and appli- 
Ear-Trampet? cation, the revcise of a speaking-trumpet, but 
in principle the same. The rays of sound proceeding from 
a speaker, more or less distant, enter the hearing-trumpet 
and are reflected in such a manner as to concentrate the 
sound upon the opening of the ear. 

Fig. 193 represents the form of the ear-trumpet gen- 
erally used by deaf persons. The aperture A is pfaced 
within the ear, and the sound which enters at B is, by a 
series of reflections from the interior of the instrument^ 
concentrated at A. 

In the same manner persons hold the hand concave 
behind the ear, in order to hear more distinctly. The 
concave hand act^ in some respects, as an ear-trumpet, and reflects the sound 
into the ear. 

Most of the stories in respect to the so-called " haunted houses" can be all 
satisfactorily explained by reference to the principles which govern the re- 
flection of sounds. Owing to a peculiar arrangement of reflecting walls and 
partitions, sounds produced by ordinary causes are often heard in certain 
localities at remote distances, in apparently the most unaccountable manner. 
Ignorant persons become alarmed, and their imagmation connects the phe- 
nomenon with some supernatural cause. 

435. A right understanding of the principles which govern the reflection 
of sound is often of the utmost importance in the construction of buildings 
intended for public speaking, as halls, churches, etc. 

Experience shows that the human voice is capable of filling a larger space 
than was ever probably inclosed within the walls of a single room. 

The circumstances which seem necessary in order that the 
vtancesare nee- human voice should be heard to the greatest possible distance^ 
rareWh t^oat *"*^ ^^ *^® greatest distinctness, seem to be, a perfectly 
distinctDefis in tranquil and uniformly dense atmosphere, the absence of aU 
hearing? extraneous sounds, the absence of ecshoes and reverberations^ 

and the proper arrangement of the reflecting sur&ces. 
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g . A pore atmosphere in a room for speaking, being &yorable 

*pare atmos- to the speaker's health and strength, wiU give him greater 

Fim?^a^? power of voioe and more endurance, thus indirectly improy- 

ing the hearing hj strengthening the source of sound, and also 

by enabling the hearer to give his attention for a longer period undisturbed. 

„ ^ ,^ In constructing a room for public speaking, the ceiling 

How Bhonld a ^^ ^^ ■. -^ ^ «• .«. 1 . , . T^ 

room for pub- ought not to exceed 30 to 35 feet m height 

TOnSSSef ?*** ^^® reason of this may be explained as follows:— If we 
advance toward a wall on a calm day, producing at each step 
z^nof ih£? ^^^™® sound, we will find' a point at which the echo ceases 
to be distinguishable from the original sound. The distance 
from the wall, or the corresponding interval of time, has been called the Umit 
of perceptibility. This limit is about 30 to 35 feet; and if the ceiling of a 
building for speaking be arranged at this limit, the sound of the voice and the 
echo will blend together, and thus strengthen the voice of the speaker. 

If the ceiling be constructed higher than this limit of perceptibility, or 
higher than 30 or 35 feet, the direct sound and the echo will be heard sepa- 
rately, and will produce indistinctness. 

How may Echoes from walls and ceilings may, to a certain extent, 
echoes in a- be avoided by covering their sui&ces with thick drapery, 
SJ^*°MteS ^^^^^ absorbs sound, and does not reflect it 
be avoided? If the room is not very large, a curtam behind the speaker 

impedes rather than assists his voice. 
by the^Sj- ^^^ ^^ every apartment, owing to the peculiar arrange- 
note of "» ment of the reflecting surfaces, some notes or tones can be 
" heard with greater distinctness than other?; or, in other 

words, every apartment is fitted to reproduce a certain note, called the key- 
note, better than any other. If a speaker, therefore, will adapt the tones of 
his voice to coincide with this key-note, which may readily be determined 
by a nttle practice, he will be enabled to speak with greater ease and distinct- 
ness than under any other circumstances. 

In a large room nearly square, the best place to speak from is near one cor- 
ner, with the voice directed diagonally to the opposite comer. In most cases, 
the lowest pitch of voice that will reach across the room will be the most 
audible. In all rooms of ordinary form, it is better to speak along the length 
of a room than across it It is better, generally, to speak fix)m pretty near a 
wall or piUar, than far away from it. 



SECTION III. 

ORGANS OF HEARIN9 AND OF THE VOICE. 

D ribe the ^^*^' "^^^ ^^ consists, in the first instance, of a fimnel- 
oonstmctionof shaped mouth, placed upon the external sur&ce of the head, 
the human ear. jjj many animals this is movable, so that they can direct it* 
to the place from whence the sound comes. It is represented at a, Fig. 194. 

9* 
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Fig. 194. Proceedmg inward from tiiis extranal por- 

tion of the ear, is a tabe, sometiiiiig more than ' 
an inch kmg, terminating in an oval-shaped 
opening, 6, across which is stretched an elas- 
tic membrane, like the pandmient gd. the head 
of a dnmu This oval-shs^yed opening has.re- 
ceived the name of the tympanum, or dram of 
the ear, and the membrane stretched across it 
is called the "membrane of the tympanum, or 
drum of the ear/' 

The sound concentrated at the bottom of the ear-tube fiJls upon the mem- 
brane of the drum, and causes it to vibrata That its motion may be free, 
the air contained within and behind the drum has free communication with, 
the external air by an ypen passage, / called the eustachian iube, leadmg to 
the back of the mouth. A degree of dea&ess ensues when this tube is ob- 
structed, as in a cold; and a crack, or sudden noise^ with immediate return 
of natural hearing, is generally experienced when, in the effort of sneezing or 
otherwise, the obstruction is removed. 

Tl^e vibrations of the membrane of the drum are conveyed further inward, 
through the cavity of the drum, by a chain of four bones (not represented in 
the figure on account of their minuteness), reaching from the center of the 
membrane to the commencement of an inner compartment which contains the 
nerves of hearing. This compartment, from its curious and most intricate 
structure is called the Labyrinth, Fig. 194, cecL 

The Labyrinth is the true ear, all Uie 
other portions being merely accessories by 
which the sonorous undulations are propsk- 
gated to the nerves of hearing contiuned 
in the labyrinth, which is excavated in the 
hardest mass of bone found in the whole 
, body. Fig. 195 represents the labyrinth 
I on an enlarged scale, and partially open. 

The labyrinth is filled with a liquid sub- 
ttance, through which the nerves of hearing 
are distributed. When the membrane of 
the drum of the ear is made to vibrate by the undulations of sound striking 
against it, the vibrations are conmiunicated to the little chain of bones, 
which, in turn, striking against a membrane which covers the external 
opening of the labyrinth, compresses the liquid contained in it This ac- 
tion, by the law of fluid pressure, is communicated to the whole interior of 
the labyrinth, and consequently to £dl portions of the auditory nerve dis- 
tributed throughout it: the nerve thus acted upon conveys an impression to 
the brauL 

The several parts of the labyrinth consist of what is called the vestibule, 
e. Fig. 194, three semicircular canals, c, imbedded in the hard bone, and a 
winding cavity, called the cocMea, d, like that of a snail-shell, in which fibres. 
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stretched across like harp-stringSi constitate the lyra. The separate uses of 
these various parts are not yet fully known. The membrane of the tym- 
panum may be pierced, and the chain of bones may be broken, without en- 
tire loss of hearing. 

438. In the hearing apparatus of the lower orders of 
c^t^ties ^ai •ft^^^'"*^ ^ ^^® P^i^ belongmg to the human ear do not 
the hearing ap- exist In fishes, the ear consists only of the labyrinth; ^nd 
E!^? l%^«S y in lower animals the ear is simply a little membranous 
cavity filled with fluid in which the fibres of the nerves of 
hearing fioat 

439. All persons can not hear sounds alike. 
^". "^ £S In different individuals the sensibility of the 
Boond alike? auditorj nerves varies greatly. 
What is the ^^' ^^® whole range of human hearing, 
raoge^hn. from the lowest note of the organ to the high- 
est known cry of insects, as of the cricket, in- 
cludes about nine octaves. 
^^ ^ 441. In the human system, the parts con- 

What are the ,.i -i.tfii 

organs of ccmcd in the production oi speech and music, 
are three : the wind-pipe, the larynx, and 
the glottis. 

What ill flie 442. The Wind-pipe is « tube extending 
Wind-pipe? ^Qjjj ^^Q extremity of the throat to the other, 
which terminates in the lungs, through which the ait 
passes to and from these organs of respiration. 
What is the 443. The Larynx, which is essentially the 

^^"^5^' organ of speech, is an enlargement of the up- 
per part of the wind-pipe. The Larynx terminates in 
two lateral membranes which approach near to each other, 
having a little narrow opening between them called the 
glottis. The edges of these membranes form what is 
called the vocal chords. 
hJw is voice 444. In order to produce sound, the air ex- 

pro^uced? pired from the lungs passes through the wind- 
pipe and out at the larynx, through the opening between 
the membranes, the glottis : the vibration of the edges of 
these membranes, caused by the passage of air, produces 
sound. 
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By the action of miasdes we can vary the tension of these 
tones of the membranes, and make the opening between them large or 
d***S ^ "°i small, and thus render the tones of the voice grave or acute.* 

acute? 445. The loudness of the voice depends 

dSi'^thJ'iSnd- ^^^y lipoid tliG force with which the air is 
s^thevoice expelled from the lungs. 

The force which a healthy chest can exert in blowing is 
about one pound per mch of its surfece ; that is to say, the chest can con- 
dense its contained air with that force, and can blow through a tube the 
mouth of which is ten feet under the surfece of water. 
What is the TO. 446. In coughing, the top of the windpipe, 
SLgM^g? '' or the glottis, is closed for an instant, during 
which the chest is compressing and condensing 
its contained air ; and on the glottis being opened, a 
slight explosion, as it were, of the compressed air takes 
place, and blows out any irritating matter that may be 
in the air-passages. 

_ . 447. Sound, to some extent, appears to always accompany 

generally ac- the liberation of compressed air. An example of this is seen 
SSStion *of ^ *^® report which a pop-gun makes when a paper-bullet 
compressed air? is discharged from it The air confined between the paper 
bullet and the discharging-rod is suddenly liberated, and 
strikes against the surrounding air, thus cauang a report in the same man- 
ner as when two solids come into collision. In like manner an inflated blad- 
der, when burst open with force, produces a sound like the report of a pistoL 
. 448. The sound of falling water appears in a great measure 

floundof&lliiig to be owing to the formation and bursting of bubbles. When 
water due? ^^q distance which water falls is so limited that the end of 

* The power which the will possesses of determining with the most perfect precision 
the exact degree of tension which these membranes of the glottis, or yocal chords shall 
receive, is extremely remarkable. Their average length in man is estimated at TS-lOOths 
of an inch in a state of repose, while in the state of greatest tension it is about 93-lOOths 
of an inch. The average length of the membranes in the female is somewhat less. Each 
interval, or variation of tone which the human voice is capable of producing is occasioned 
by a different degree of tension of these membranes : and as the least estimated number 
of variations belonging to the voice is 240, there must be 240 different states of tension 
of the vocal chords, or membranes, every one of which can be at once determined by the 
will. Their whole variation in length in man being not more than one fifth of an inch, 
tile variation required to pass from one interval of tone to another will not be more thui 
1.1200th of an inch. 

It is on account of the greater length of the vocal chords, or membranes gf the glottis, 
that the pitch of the voice is much lower in man than in woman : but the difference does 
not arise until the end of the period of childhood, the size of the larynx in both sexes being 
about the same up to the age of 14 or 16 years, but then changing rapidly in the male 
sex, and remaining nearly stationary in the female. Hence it is that boys,'a8 well as 
girls and women, sing treble ; while men sing tenor, which is about an octave lower than 
treble, or bass which is lower 6tiU.~Dr. Carpenter, 
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&e stream does not become broken into babbles and drops, neither somid or 
air-babbles will be prodaced ; but as soon as the distance becomes increased 
to a sufficient extent to break the end of the column into drops, both air-bub- 
bles and sounds will be produced. 

whAtfasnwo- ^9- Sneezing is a phenomenon resembKng 
^^^ cough; only the* chest empties itself at one 

effort, and chiefly through the nose, instead of through 
the month, as in coughing. 

What is laugh- 450. Laughing consists of quickly-repeated 
^^^ expulsions of air from the chest, the glottis 

being at the time in a condition to produce voice ; but 
there is not between the expirations, as in coughing, a 
complete closure of the glottis. 

whatis crying? 451. Crying differs from laughing almost 
solely in the circumstance of the intervals be- 
tween the gusts or expirations of air from the lungs being 
longer. Children laugh and cry in the same breath. 

Insects generally excite sonorous vibrations by the fluttering of their wings, 
or other membraneous parts of their structure. 

PRACTICAL QUESTIONS IN ACOUSTICS. 

L The flash of a cannon was seen, and ten seconds aftenrard the report -was heard: 
how far off was the cannon ? 

2. At irhat distance was a flaidi of lightning, when the flash was seen seven seconds 
before the thunder was heard ? 

3. How long after a sudden shout wHI an echo be returned fh>m a high wall 1^20 feet 
distant? 

4. A stone being dropped into the month of ft mine, was heard to strike the bottom 
in two seconds ; how deep was the mine f 

5. A certain musical string vibrates 100 times in a second : how many times must it 
vibrate in a second to produce the octave ? 



CHAPTER XII. 

HEAT. . • 

452. Heat ia a physical agent, known only 

Whatisheat? , -i. iX» x xx T J- 1 

by its enects upon matter. In ordinary lan- 
guage we use the term heat to express the sensation of 
warmth. 
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453. Caloric is the general name given to 
the physical agent which produces the sensa- 
tion of warmtby and the various effects of heat observed 
in matter. 
Hoir i> heat 454, The quantity of heat observed in dif- 

measared? fercttt substauccs is mcasured, and its effects 
on matter estimated, only by the change in bulk, or ap- 
pearancey which different bodies assume, according as heat 
is added or subtracted. 
What Is tern. 455, The degree of heat by which a body 

perature? jg effected, Or the sensible heat a body con- 
tains, is called its Temperature* 
^^ . ,.. 456. Cold is a relative term expressinff only 

What Is cold ?,, ^, . , ^.°, 

the absence of heat in a degree ; not its total 
absence, for heat exists always in all bodies. 
What diatin. 457. Hcat possesses a distinguishing char- 
Srt^ttVdSIi acteristic of passing through and existing in 
heat possess? g^jj kiuds of matter at all times. So far as we 
know, heat is everywhere present, and every body that 
exists contains it without known limits. 

Ice contains heat in large quantities. Sir Humphrey Davy, by friction, ex- 
tracted heat from two pieces of ice, and quickly melted them, in a room cooled 
below the freezing-point, by rubbing them against each other. 

In what man. 458. The teudeucy of heat is to diffuse, or 
dSn^ or®** spread itself among all neighboring substances, 
spread Itself? mj|.jj g^jj YiBkYQ q,cquired the same, or a uniform 
temperature. 

A piece of iron thrust into burning coals becomes hot among them, because 
the heat passes from' the coals into the iron, until the metal has acquired an 
equal temperature^ 

When do we 459. Whcu the hand touches a body having 
cauahodyhot? ^ higher temperature than itself, we call it 
hot, because on account of the law that heat diffuses itself 
among neighboring bodies until all have acquired the 
same temperature, heat passes from the body of higher 
temperature to the hand, and causes a peculiar sensation, 
which we call warmth. 
460. When we touch a body having a temperature 
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wh«ii do we lower than that of the hand, heat, in accord* 
caUftbodycoidf j^jj^ ^jj^ ^jj^ samo law, passes out from the 
hand to the body touched, and occasions the sensation 
which we call cold.** 

461. Sensations of heat and cold are, therefore, merely 
degrees of temperature, contrasted by name in reference 
to the peculiar temperature of the individual speaking of 
them. 

A body may feel hot and cold to the nme person at the 
drcamBtances Same time, sinoe the sensatioii of heat is produced by a body 
f V^ nd***!/^ ^1^®^ *^^*"^ *^® hand, provided it be leas cold than the body 
the same per- touched immediately before; and the sensation of cold is 
toe ?****"*"** produced under the opposite circumstanoesi of touching a 
comparatively warm body, but which is less warm than some 
other body touched preAriously. Thus, if a person transfer one hand to com- 
mon spring water immediately after touching ice, to that hand the water 
would feel very warm ; while the other hand transferred from warm water 
to the spring water, would feel a sensation of oold. 

Has heat ^62. Hcat is impondcrablo, or does not pps- 

weight? gggg ^jjy perceptible weight. 

If we balance a quantity of ioe in a delicate scale, and then leave it to 
melt, the equilibrium will not be in the slightest degree disturbed. If we 
substitute for the ice boiling water or red-hot iron, and leave this to cool, 
there wiU be no dififerenoe in the result Count Rumford, having suspended 
a bottle containing water, and another containing alcohol to the arms of a 
balance and adjusted them so as to be exactly .in equilibrium found that the 
balance remained undisturbed when the water was completely frozen, though 
the heat the water had lost must have been more than sufficient to have made 
an equal weight of gold red hot 

What do we 463. The nature, or cause of heat is not 
S^rfhJSr? clearly understood. Two explanations, or 
theories have been proposed to account for the 
various phenomena of heat, which are known as the me- 
chanical and vibratory theories. 

Exidaintiieme. ^64 The mcchanical theory supposes heat 
chMiicai theory. ^^ ^ ^^ extremely subtile fluid, or etherial 

* There can aot be a more falladoos means of estimating heat than by the touch. Thus, 
in the ordinary st^^^te of an apartment, at any season of the year, the objects ▼hich are in 
it have all the same temperature ; and vet to the touch they will feel warm and cold in 
different degrees. The metallic ol]!Jeots will be the coldest ; stone and marble less so ; 
▼ood still less; and carpeting and woolen objects will feel warm. Now all these objects 
are ftt exactly the same temperature, as ascertained by the thermometer. 
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kind of matter pervading all space, and entddng into 
combination in various proportions and quantities^ with 
all bodies, and producing by this combination all the va- 
rious effects noticed. 

Explain the ri- 46^' ^hc vibratory theory, on the contrary, 
bratory theory, gupposcs hoat to bc merely the effect of a spe- 
cies of motion, like a vibration or undulation, produced 
either in the constituent particles of bodies, or in a subtle, 
imponderable fluid which pervades them. 

When one end of a bar of iron is thrust into the fire and heated, the other 
end soon becomes hot also. According to the mechanical theory, a subtile 
fluid coming out of the fire enters into the iron, and passes from particle to 
particle until it has spread through the whole. When the hand is applied to 
the bar it passes into it also, and occasions the sensation of warmth. Ac- 
cording to the yibratorj theory, the beat of the fire communicates to the par- 
ticles of the iron themselves, or to a subtile fluid pervading them, certain vi- 
bratory motions, which motions are gradually transmitted in every direction, 
and produce the sensation of heat, in the same way that the undulations or 
vibrations of air, produce the sensation of sound. 

„ There seems to be but little doubt at the present time among 

two theories Scientific men, that the theory which ascribes the phen(Hne- 
SrdS"^ " ^^ ^^ ^®** ^ * series of vibrations, or undulations, either in 

matter, or a fluid pervading it, is substantially correct At 
the same time it is not wholly satis&ctory, and neither theory will perfectly 
explain aU. the facts in relation to heat with which we are acquainted. 
For the purpose of describing and explaining the phenomena and efiects of 
heat, it is convenient, in many cases, to retain the idea that heat is a substance. 
The £ict that nature nowhere presents us, neither has art 
drac(LlnfaYor ®^®^ succeeded in showing us, heat alone in a separate state, 
of the respect- is a strong ground for believing that heat has no separate 
^^^eoeso material existence. Heat, moreover, can be produced without 

limit by friction, and intense heat is also produced by the ex- 
plosion of gunpowder. On the contrary, aMurgaments in fkvor of the material 
existence of heat, we have the fact, that heat can be communicated very 
readily through a vacuum ; that it becomes instantly sensible on the condens- 
ation of any material mass, as if it were squeezed out of it : as when, on re- 
ducing the bulk of a piece of metal by hammering, we render it very hot (the 
greatest amount of heat being emitted with the blows that most change its 
bulk) ; and, finally, that the laws of the spreading of heat do not resemble 
those of the spreading of sound, or of any other motion known to us. 

466. The relation between heat and light is a very intimate 
2^ttiCTe*1^° one. Heat exists without Ught, but all the ordinary sources 
tweea heat and of light are also sources of heat; and by whatever artificial 

means natural light is condensed, so as to increase its splen- 
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dor, the heat which it produces is also, at the same time^ rendered more 
intense. 

467. When a body, naturally incapable of 
bodyincandes. emitting light, is heated to a sufficient extent 
*^° ^' to become luminous, it is said to be incandes- 

cent, or ignited. 

What Is flame 468. Flamc is ignited gas issuing from 
*ndfire? ^ buming body. Fire is the appearance of 
heat and light in conjunction^ produced by the combus- 
tion of inflammable substances. 

The ancient philosophers nsed the term fire as a characteristic of the nature 
of heat, and regarded it as one of the four elements of nature ; air, earth, and 
water being the other three. 

Heat and the attraction of cohesion act constantly in opposition to each 
other ; hence, the more a body Is heated, the less wiU be the attractive force 
between the particles of which it is composed. 

SECTION I. 

SOURCES OP HEAT. 

ft 

j^^we the 4g9 gix great sources of heat are recognized. 
Boorceaofhcat? They arc — ^1. The sun; 2. The interior of the 
earth ; 3. Electricity ; 4. Mechanical action ; 5. Chemical 
action ; 6. Vital action. 

What is the 470. The greatest natural source of heat is 
Sa*w^^^of the sun, as it is also the greatest natural source 
^*' of light. 

Although the quantity of heat sent forth from the sun is immense, its rays^ 
faDing natorally, are nerer hot enough, even in the torrid zone, to kindle 
_ combustible substances. 67 means, howeyer, of a 

buming^glassy the heat of the son's rays can be con- 
centrated, or bent toward one point, called a focus, 
in sufficient quantity to set fire to substances sub- 
mitted to their action. 




Fig. 196 represents the manner in which a burning- 
glass concentrates or bends down the rays of heat 
until they meet in a focus. * 

Two opinioDS, or theories, have been entertained in order to account for the 
production of heat and light by the sun ; one supposes that the sun is an 
intensely-heated mass, which throws off its light and heat like an intenaely? 
heated mass of iron : the other, based on the ground that heat ia occasioned 
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bj the Tibratiom of aa etiiereal fluid oooapying all ^pace, wniyowi ttat the 
sun maj produce the phenomeaa of ligfat and heat wkfaoot waste of its tem- 
perature or flobBtanoe^ tm a be! m^ ooDatantif prodnoe the phenomena of 
aound. 

Whatever may be the true flieorjr, aaeriea of ezperimeDta^ made aome yeani 
ainoe by Arago, the enuBent Fkeock aatronomei; aeem to prore that the tem- 
perature at the aur&oe of the ana ia much more elefated than any artffidal 
heat we are able to produoeu The eaqierimenld iomom whidi lead to thia 
qpinkm are aa IbDowa: — 

There are two statea m which light ia cqpahle of exiatmg— 4fae ordinary 
atata, and the atate of pcrfarizatkn.* It haa been proved that all bodies^ in a 
atdid or liquid state, which are rendered incandeaoent by heat^ emit a polar- 
ized ligfat, while bodies that are gaaeoo^ when rendoed incandescent iaTar 
riably emit light in its ordinary stata Thua the physical cooditbn of a body 
may be diatinguiahed when it ia infjandeacent by eTamining the ligfat wius^ 
it affords. On applying the teat to the direct hg^ of the aun, it waafiMmd to 
be in the unpolarized or ordinary ooudition of light Henoe it has been in- 
ferred by Aiago that the matter from whidi thia lig^t prooeeda most be in 
the gaaeous states or, in other worda^ in a atate of flame. IVom other exp^i- 
ments and obserrationfl^ Aiago waa led to the oonduaion that the sun was a 
aolid, opaque^ non-luminous body, invested with an ocean of flamei 

wh tattle nd- ^'^^' ^^°g ^ *^® podtion of the earth's 
a«ye heat of axis, the relative amonnt of heat received from 
greater in some the 8un is alwavs fiTeater in some portions of 

portions of Oie ., ii^ • -, /.i 

earth than at the earth than at others, since the rays of the 
sun always fall more directly upon the central 
potions of the earth than they do at the poles, or extremi- 
ties ; and the greatest amount of heat is experienced from 
the rays of the sun when they fall most perpendicularly. 

Why If the ^^^* '^^ ^^^ ^^ ^® ^^^ ^ greatest at noon, because for 
beatof themm the day the sun has reached the highest point in the heavens, 
^^ *^ and its lays ML more peipendicularly than at any other 

tim& 
S?**<SffeMSee ^^ * ^® reeeon we ezperienoe the extremes of tempera- 
In temperature ture, distinguished aa summer and winter. In summer tho 
wiSST^"^ position of the aun in relation to the earth is such, that al- 
though more remote from the earth than in winter, its raya 
fiUl more perpendiculaiiy than at any other season, and impart the greatest 
amount of heat ; while in winter the position of the sun is such that its tsljs 
fall more obliquely than at any other time, and impart the smallest amount of 
heat The aun, moreover, is longer above the horizon in summer Uian in 
winter, which also produces a corresponding effect 
The reason why a difference in the inclination of the sun^s rays fallmg upon 
* For exidaaation of the term polarization, see chapter on Light 
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the Bor&oe of the earth oocaaioiis a dUferenoe in their heating effect la, that 
the more the rays are inclined, the m<»re they are difitised, or, in other word?, 
the lai^r the space they oorer. This may be rendered apparent by reference 
to Mg. ISI. 

Fig. 191* ^* ^ suppose A B D to represent 

a portion of the sun's rays, and G D a 
portion of the earth's surface upon which 
the rays &11 perpendicularly, and G E 
portions of the sur&ce upon which they 
fall obliquely. The same number of 
rays will strike upon the sur&ces G B 
and G £, but the sur&ce G £ being 
greats than D, the rays will necessarily fiill more densely upon the latter ; 
and as the heating power must be in proportion to the density of the rays, it 
is obvious tbsA G D will be heated more than G E, in just the same propor- 
ikm as the sur&ce G £ is moice extended. But if we would compare two 
sor&oes upon neither of which the sun's rays &li perpendicularly, let us take 
G E and G F. They fall on G £ with more obliquity than on G F; but G E 
18 eyidently greater than G F, and therefore the rays being diffused oyer a 
larger sur&ce are less dense, and therefore less effective in heating. 

What is the 473. The greatest natural temperature ever 
Stem'JeSta^ authentically recorded was at Bagdad, in 1819, 
crer observed? Yrhen the thermometer (Fahrenheit's) rose to 
120° in the shade. On the west coast of Africa the ther- 
mometer has been observed as high as 108° F. in the 
shade. Burckhardt in Egypt, and Humboldt in South 
America, observed it at 117° F. in the shade. 

474. About 70° below the zero of Fahrenheit's 
lowest tempo- thermometer is the lowest atmospheric temper- 

ratureol)serve4? , • j v j.i a x- • x 

ature ever expenenced by the Arctic navigators. 
Towbatezteiit 475. The greatest artificial cold ever pro- 
SSd h^^ daced was 220° F, below zero. 
dace4? This temperature was obtained some years since bjM. 

Katterer, a German chemist. Professor Faraday also produced a cold 
equal to 166® F. below zero. At neither of these temperatures were pure 
alcohol or ether frozen. 

The temperature of the space above the earth's atmosphere has been esti- 
mated at 58^^ below zero, Fahrenheit's thermometer. 
To what depth 476. The depth to which the influence of 
d^**the^ the heat of the sun extends into the earth va- 
oj^ttie ran ex- ji^g ^^0 50 to 100 fcct ; uevcr, however, ex- 
ceeding the latter distance. 
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H w do ire Independently of the sun, however, the earth is a sonroe of 
knoir that the iieat The proof of this is to he found in the fact, that as we 
^^f **"^ descend into the earth, and pass beyond the Umits of the influ- 
ence of the solar heat, the temperature constantly rises. 

At what rate 477. The increase of temperature observed as 
peratureof the wc descend iato the earth, is about one degree 
earth increai^? of the thermometerfor everyfifty feet of descent 

Supposing the temperature to increase according to this ratio, at the depth 
of two miles water would be converted into steam ; at four miles, tin would 
be melted ; at five miles, lead ; and at thirty miles, almost every earthy sub- 
stance would be reduced to a fluid state. 

The internal heat of the earth does not appear to have any sensible effect 
upon the temperature at the surface, being estimated at less than l*30th of 
a degree. The reason why such an amount of heat as is supposed to exist in 
the interior of the earth does not more sensibly aSoct the sur&ce is becaoae 
the materials of which the exterior strata or crust of the earth is composed, 
do not conduct it to the surface from the interior. 

Under what ^78. When clectricity passes from one sub- 

faSridt^ stance to another, the medium which serves to 
Bourceofheat? couduct it is vcry frequently hcatcd ; but in 
what manner the heat is produced we have no positive in- 
formation. 

The greatest known heat with which we are acquainted, is thus produced 
by the agency of the electric or galvanic current AU known substances can 
be melted or volatilized by it 

Heat so developed has not been employed for practical or economical pur- 
poses to any great extent ; but for philosophical experiments and mvestiga- 
tions it has been made quite usefuL 

How is chem- 479. Many bodies, when their original con- 
l^re^nSat* stitution is altered, either by the abstraction 
of some of their component parts, or by the 
addition of other substances not before in combination 
with them, evolve heat while the change is taking place. 

In such cases, the heat is said to be due to chemical ac- 
tion. 

What is chem- 480. We apply the term chemical action to 
icai action? thoso opcratious, whatever they may be, by 
which the form, solidity, color, taste, smell, and action of 
substances become changed ; so that new bodies, with 
quite different properties, are formed from the old. 

A familiar illustration of the manner in which heat is evolved bj chemical 
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action is to be found in the experiment of pouring cold water upon quick- 
lime. The water and the lime combine together, and in so doing liberate a 
great amount of heat, sufficient to set fire to combustible substances. 

How is heat 481, Heat is always evolved when a fluid is 
c£S^^f?ora transformed into a solid, and is always ab- 
iunmtter? sorbed when a solid is made to assume a fluid 
condition. As water is changed from its liquid form when 
it is taken up by quicklime, therefore heat is given off. 

The heat produced hj the various forms of combustion, is the result of chem* 
ical action. 

In what two ^^^- Heat exists in two very different con- 
SSfSrtf*^ ditions, as Free, or Sensible Heat, and as 

Latent Heat.* 
What te Mod. 483. Wheu^he heat retained or lost by a 
ueheat? body is attended with a sense of increased or 

diminished warmth, it is called sensible heat. 
What la latent 484. Whou the hcat retained or lost by a 
'****^ body is not perceptible to our sense, it is called 

latent heat. 

„ . Every substance contuns more or less of latent heat Al- 

Hoir do we , . ,. . i. . - . 

know heat to though our senses give us no direct mformation of its pres- 

? wV"«in*not ®°^» ^® °"^y» ^y * variety of experiments, prove that it ex- 
perceive it? ists. Thus, the temperature of ice is 32^ by the thermometer, 
but if ice be melted over a flre and converted into water, the 
water will be no hotter than the ice was before, although in the operation 
140 degrees of heat have been absorbed by the water. When, on the contrary, 
water passes into ice, a large amount of heat which was before latent in the 
water, passes out of it, and becomes sensiblcf 

485. Another important source of heat is 
chanicai action mechanical action, heat beinff produced by 

aMKiroeofheatr /,•• t t t i . 

faction and by the condensation, or compres- 
sion of matter. 

What are iilua- Savage nations kindle a fire by the friction of two pieces 
trations of the of dry wood ; the axles of wheels revolving rapidly frequently 
Eeat"^**™!!^ ^^®^^™® ignited ; and in the boring and turning of metal the 
tion? chisels often become intensely hot In all these cases the 

friction of the surfaces of wood or of metal in contact, dis- 
turbs the latent heat of these substances, and renders it sensible. 
The following interesting experiment was made by Count Rumford, to il- 

* Latent^ from the Latin -word lateo, to be hid. 

t The phenomena of latent heat are ftirther considered under the head of liquefaction. 
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lustrate the effect of friction in producing heat :— A borer waa made to re- 
volve in a cylinder of brass, partiallj bored, thirty-two times in a minute. 
The cylinder was inclosed in a box containing 18 pounds of 'water, the tem- 
perature o[ which was at first 60®, but rose in an hour to 107® ; and in 
two hours and a half the water boiled. * 

Isairnecesaary Air does not appear to be necessary to the production of 
for the produc- heat by the friction of solid bodies ; since heat is produced 

ftictton^^** ^^ ^y ^^^^^ ^^^^ ^ vacuum. 

To whatever extent the operation may be can^d, a body 
never ceases to give out heat by friction, and this &ct is considered as a 
strong argument m favor of the theory that heat is not a substance, but 
merely a property of matter. 

It was formerly supposed that solidd alone oould develop heat by friction, 
but recent experiments have proved, beyond a doubt^ that beat is also gene^ 
ated by the friction of fluids. 

The heat excited by friction is not in proportion to the hardness or elas- 
ticity of the bodies employed ; on the contrary, a piece of brass rubbed with 
a piece of cedar- wood produced more heat than when rubbed with another 
piece of metal ; and the heat was still greater when two pieces of wood were 
employed. 

The reduction of matter into a smaller compass by an exter- 
taSion? o?'tiie ^^^ ^^ mechanical force, is generally attended with an evolu- 
production of Hon of heat. To such an act of compression we apply the 
deSLttJnf*'*'"' term condensation. 

Heat may be evolved from air by condensation. This may 
be shown by placing a piece of tinder in a tube, and suddenly compressing the 
air contained in it by means of a piston. The air being thus condensed, parts 
with its latent heat in sufficient quantity to set fire to the tinder at the hot* 
tom of the tube. Another familisw experiment of the evolution of heat by 
condensation, m the rendering of iron hot by striking it with a hammer. The 
particles of the iron being compressed by the hammer, can no longer contain 
so much heat in a latent state as they did before: some of it therefore be- 
comes sensible, and increases the temperature of the metal, and the strikmg 
may be continued to such an extent as to render the iron red-hot 

When a match is drawn over sand-paper or other rough substance, cer- 
tain phosphoric particles are rubbed off, and being compressed between the 
match and the paper, their heat is raised sufficiently high to ignite them and 
fire the match. If the match be drawn over a smooth surfiice, the compres- 
sion must be increased, for the temperature of the whole phosphoric mass must 
be raised in order to cause ignition. 

The fulminating substance of a percussion-cap explodes when struck by a 
hammer, because the blow occasions a compression of the particles, by which 
a sufficient amount of latent heat is liberated to produce ignition. 

whai Is meant 486. Most liviii^ Rnimals possess the property 
by vital heat f ^£ maintaining in their syslem an equable tem- 
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perature, whether surrounded by bodies that are hotter or 
colder than they are themselves. The cause of this is due 
to the action of vital heat, or the heat generated or ex- 
cited by the organs of a living structure. 

The following facts Qlustratie this principle : — ^The explorers of the Arctic 
regions, during the polar winter, while breathing air that fifoze mercury, still 
had in them the natural warmth of 98^ Fahrenheit above zero; and the 
inhabitants of India, where ihe same thermometer sometimes stands at 
115^ in the shade, have their blood at no higher temperature. Again, 
the temperature of birds is not that of the atmosphere, nor of fishes that 
of the sea. • 

487. The cause of animal heat is undoubt- 
eanae of Titei cdly due to chcmical action ; — the result of 
respiration and nervous excitation. 

Do plants pofl- Grrowing vegetables and plants also possess, in a degree, 
8688 this prop- the property of maintaining a constant temperature within 
*^' their structure. The sap of trees, remains unfrozen when the 

temperature of the surrounding atmosphere is many degrees below the freez- 
ing point of water. 

This power of preserving a constant temperature in the animal structure is 
limited. Intense cold suddenly coming upon a man who has not sufficient 
protection, first causes a sensation of pain, and then brings on an almost irre- 
sistible sleepiness, which if indulged in proves &.tal. A great excess of heat 
also can not loi^ be sustained by the human system. 

Each species of animal and vegetable appears to have a temperatare natural 
and peculiar to itself, and from this diversity different races are fitted for dif- 
ferent portions of the earth's surface. Thus, the orange-tree and the bird of 
Paradise are confined to warm latitudes; the pine-tree and tiie Arctic bear, 
to those which are colder . 

When animals and plants are removed fipom their peculiar and natural dis- 
tricts to one entirely different, they cease to exist, or change their character 
in such a way as to adapt themselves to the climat^. As illustrations of this, 
we find that the wool of the northern sheep changes in the tropics to a spe- 
cies of hair. The dog of the toirid zone is nearly destitute of hair. Bees 
transported from the north to the region of perpetual summer, cease to lay up 
stores of honey, and lose in a great measure their habits of industty. 

Man alone is capable of living in all climates, and of migrating fireely to all 
portions of the earth. 

Of all animiUs, birds have the highest temperature ; mammalia, or those 
which suckle their young, come next ; then amphibious animals, fishes, and 
certain insects. Shell-fish, worms, and the like, stand lowest in the scale of 
temperature. The common mud-wasp, in its chrysalis state, remains unfrozen 
during the most severe cold of a northern winter ; the fluids of the body in- 
stantly congeal, however, in a fi^ezing temperature, the moment the case, 
or shell which incloses it, is crushed. 
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SECTION II. 

OOMKUNICATION OP HEAT. 

Sr^eSSLuS- ^^^' H®^* ^*y ^® communicated in three 
cated? ways: by Conduction; by Convection, and 

by Radiation. 

489. Heat is communicated by conduction 
eommun'icatod whcu it travcls from particle to particle of the 

7 CO c on gy^ijg^ance, as from the end of the iron bar 
placed in the fire to that part of the bar most remote 
from the fire. 

What is con- 490. Whcu hcat is communicated by being 
"^^^^ carried by the natural motion of a substance 
containing it to another substance or place, as when hot 
water resting upon the bottom of a kettle rises and carries 
heat to a mass of water through which it ascends, the heat 
is said to be communicated by convection, 
whatisradia- ^91. Heat is commuuicated by radiation 

tionofheat? ^^^^en it Icaps, as it were, from a hot to a cold 
body through an appreciable interval of space ; as when a 
body is* warmed by placing it before a fire removed to a 
little distance from it. 

Hoir does a 492. A hcatcd body cools itself, first bygiv- 
t^HLdn^^ ing oflF heat from its surface, either by conduc- 
tion or radiation, or both conjointly ; and sec- 
ondly, by tlie heat in its interior passing from particle to 
particle by conduction, through its substance to the sur- 
fece. A cold body, on the contrary, becomes heated by a 
process directly the reverse of this. 

Do an bodiea 493. Diflferent bodies exhibit a very great 
^^rw^^ degree of difference in the facility with which 
they conduct heat: some substances oppose 
very little impediment to its passage, while through others 
it is transmitted slowly. 

What are con- 494. All bodics are divided into two classes 
Son^SJnduJtors ^^ rcspcct to their conduction of heat, viz,, 
of heat? j^^Q conductors and non-conductors. The for- 
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mer are sucli as allow heat to pass freely through them ; 
the latter comprise those which do not give an easy pass- 
age to it. 

Dense solid bodies, like the metals, are the best con- 
ductors of heat ;* light, porous substances, more especially 
those of a fibrous nature, are the worst conductors of heat. 

The different conducting power of various solid substances may be strik- 
ingly shown by taking a series of rods of equal length and thickness, coating 
one of their extremities with wax, and placing the other extremities equally 
Sn a source of heat The wax will be found to entirely melt off from some 
of the rods before it has hardly softened upon others, 
thg 495. Liquids are almost 
absolute non-conductors df 
heat. 

If a small quantity of alcohol be poured on the sur- 
&ce of water and inflamed, it will continue to bum 
for some time. (See Fig. 198.) A thermometer, 
immersed at a small depth below the common sur- 
&ce of the spirit and the water, will &il to show any 
increase in temperature. 

Another and more simple experiment proves the 
same fact ; as when a blacksmith immerses his red- 
hot iron in a tank of water, the water which sur- 
rounds the iron is made boiling hot, while the water 
not immediately in contact with it remains quite cold. 

Fig. 199. If a tube nearly filled with water is held 

over a spirit lamp, as in Fig. 199, in such a 
manner as to direct the flame against the 
upper layers of the water, the water will be 
observed to boil at the top, but remain cool 
below. If quicksilver, on the contrary, be 
so treated, its lower layers will speedily be- 
come heated. The particles of mercury will communicate the heat to each 
other, but the particles of water will not do so. 

A stone, or marble hearth in an apartment, feels colder to 
stone, or*mar* the feet than a woolen carpet, or hearth-rug, not because the 
We hear* feel qj^q jg hotter than the other, for both are. really of the same 
carpet P temperature, but because the stone and marble are good 

• The following table exhibits the relative conducting power of different substances, 
the ratio expressing the conducting power of gold being taken at 100 ; 
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conductors, and the woolen carpet and hearth-rug very bad conductors. 
The action of the two substances is as follows: — As soon as the hearth- 
stone has absorbed a portion of heat from the feet, it instantly disposes 
of it by conducting it away, and calls for a fresh supply; and this ac- 
tion will continue until the stone and the foot have established an equili- 
brium of temperature between them. The carpet and the rug also absorb 
heat from the feet in like manner, but they conduct or convey it away so 
slowly, that its loss is hardly perceptible. 

Most varieties of wood are bad conductors of heat; hence, though one end 
of a stick is blazing, the other end may be quite cold. Cooking vessels, fi>r 
this reason, are often furnished with wooden handles, which conduct the heat 
of the vessel too slowly to render its influx into our hands painful. For the 
same reason we use paper or woolen kettle-holders. 

To what extent ^^^' ^odies in the gaseous, or aeriform con- 

bodiS wndict dition are more imperfect conductors of heat 

^®**' than liquids. Common air, especially, is one 

of the worst conductors of heat with which we are ac^ 

quainted. 

How iB air ^97. Air is, however, readily heated by con- 

heated? vectiou. Thus, whcu a portion of air by com- 
ing in contact with a heated body has heat imparted to 
it, it expands, and becoming relatively lighter than the 
other portions around it, rises upward in a current, carry- 
ing the heat with it ; other colder air succeeds, and (being 
heated in a similar way) ascends also. A series of cur- 
rents are thus formed, which are called " convective cur- 
rents." 

In this way air, which is a bad conductor, rapidly reduces the temperature 
of a heated substance. If the air which encases the heated substance were 
to remain perfectly motionless, it would soon become, by contact, of the same 
temperature as the body itself and the withdrawal of heat would be checked : 
but as the external 'air is never perfectly at rest, fresh and colder portions 
continually replace and succeed those which have become in any degree 
heated, and thus the abstraction of heat goes on. 

For this reason a vsdndy day always feels colder than a calm day of the 
same temperature, because in the former case the particles of air pcuas over 
us more rapidly, and every fresh particle takes some portion of heat. 

How may the 498. The couductiug power of all bodies is 
P^erfflfodies diminished by pulverizing them, or dividing 

be diminished f ^J^gjjj J^^^ ^^q filamCUtS. 
Thus saw-dust, when not too much compressed, is one of the most perfect 
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non-oondiicton of heat. Wool, for, hair and featfaers, are also among the worst 
oomductors of heat 

. Woolens and fors are used fiir clothing in cold weather, not 

snd wooiena because they impart any heat to the body, but because they 
^d for cloth- f^ ^Qjy Y>9d conductors of heat; and therefore prevent the 
warmth of the body from being drawn off by the cold air. 
The heat generated in the animal system by vital action has constantly a 
tendency to escape, and be dissipated at the sorSaoQ of the body, and the rate 
at which it is dias^ated depends on ihe diflerenoe between the temperature 
of the surfooe of the body and the temperature of the surrounding medium. 
By interposing, however, a non-conducting substance between the surface of 
the body and the external atmosphere, We prevent the loss of heat which 
would otherwise take place to a greater or less degree. 

The non-conductiDg properties of fibrous and porous sub- 

ttw ^ noL-<S- 8^^^"<^®8 ^'^ d^® ahnost altogether to the air contained in their 

dttctlng prop, interstices^ or between their fibers. These are so disposed aa 

Bob^o^^due ? ^ receive and retain a kuge quantity of air without permitting 

it to circulate. 

The warmest dothmg is that which fits the body rather loosely, because more 
hot air will be confined by a moderately loose garment than by one which fits 
the body tightly. 

Blankets and warm woolen goods are always made with a nap or projec- 
tion of fibers upon the outside, in order to take advantage of this principle. 
The nap or fibers retain air among them, which, fix)m its non-conducting 
properties, serves to increase the warmth of the material 
_j^ . The finer the fibers of hair, or wool, the more closely they 

enoe has the retain the air enveloped within them, and the more imperme- 
fibMrsmion ^e *^^® ^^^ become to heat In accordance with this princi- 
warmth of 4 pie, the external coverings of animals vary not only with the 
material? climate which the species inhabit, but also in the same indi- 

vidual they change with the season. In warm climates the fiirs are generally 
coarse and thin, while in cold countries they are fine, close, light, and of uni- 
form texture, almost perfect non-conductors of heat 

We have illustrations of this principle also in the vegetable kingdom. The 
bark of trees, instead of being compact and hard like the wood it envelops, 
is porous and formed of fibers, or layers, which, by including more or less of 
air between their surfaces, are rendered non-conductors, and prevent the 
escape of heat fix)m the body of the tree. 

An apartment is rendered much wanner for being furnished with double 
doors and windows, because the air confined between the two surfaces op- 
poses both the escape of heat from within, and the admission of cold firom 
without 

As a non-conducting substance prevents the escape of heat from within a 
body, so it is equally eflBcacions in preventing the access of heat fit)m without 
In an atmosphere hotter than our bodies, the effect of clothing would be to 
keep the body cool, flannel is one of the warmest articles of dress, yet we 
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can not pu sau im ioe more eflfectoallj in annmtr than by envelopiiig it in its 
f>lds. Firemen exposed to the intense heat of fornaoes and steam-boilera, in- 
Tariablj protect tfaemsetvea with iiannd garments 

Cargoes of ioe shipped to the tn^Hca^ are generally packed for presenration 
in sawdust: a casiDg of sawdust is also one of the most efiEectoal means of 
preventing the esc^^e of heat fiiom the soiiioes of steam-boilers and steam- 
pipes. Straw, from its fihrous cfaaraGter, is an excellrait non-conductor of 
heat, and is for this reason extensiTelj U8e4 bj gardeners £»" incasing plants 
and trees which are exposed to the extreme cold of winter. 

Snow protects the soil in winto* from the effects of cold in 
protect the the same waj that for and wool protect animals, and doth- 
euth firom jjjg man. Snow is 'made up </ an infinite number of little 
crystals, whidi retain among their interstices a large amount 
ci air, and thus contribute to render it a non-omductar of heat A covering 
of snow also prevents the earth firom throwing off its heat by radiation. The 
temperature of the earth, therefore, when covoed with snow, rarely descends 
much below the fireezing-point, even when the air is fifteen or twenty de- 
grees colder.* Thus roots and fibers of trees and plants^ are protected fixun a 
destructive cold. 

499. Clotliing is considered wann or cool ac- 
drcamstanoM cordiog as it impcdes or facilitates the passage 
■idcred wm of hcat to or from the surface of our bodies. 
*^ The finer the cloth, the more slowly it con- 

ducts heat.' Fi^^e cloths, therefore, are warmer than 
coarse ones. 

Woolen substances are worse conductors of heat than cotton, cotton than 
silk, and silk than linen. A flannel shirt more effectually intercepts heat 
than cotton, and a cotton than a linen one. 

The sheets of a bed feel colder than the blankets, because they are better 
conductors of heat, and carry off the heat more rapidly from the body, the 
actual temperature of both, however, is the same. For the same reason, a 
linen handkerchief is cooler and more agreeable to the face than a cotton one. 

Cellars feel cool in summer, and warm in winter, because the external air 

• " Few can realize the protecting valne of the warm coverlet of snow. No eider-down 
in the cradle of an Infant is tacked in more kindly than the sleeping-dress of winter about 
the feeble flower-life of the Arctic regions. The first warm snows of Angast and Septem- 
ber, falling on a thickly-blended carpet of grasses, heaths and willows, enshrine tbe 
flowery growths which nestle around them ia a non-condncting air-chambcff; and as 
each successive snow increases the thickness of the cover, we have, before the intense cold 
of winter sets in, a light cellular bed, covered by drift, six, eight, or ten feet deep, i:i 
which the plant retains its vitality. The frozen sub-soU does not encroach upon this nar- 
row cover of vegetation. I have found, in raid-winter, in the high latitude of 78°, the 
surface so nearly moist as to be friable to the touch ; and on the ice-floes commencing 
with a surface temperature of 30" below zero, I found, at two f^t deep, a temperature of 
8" below zero, at four feet 2° above zero, and at eight feet 26° above zero. My experi- 
ments prove that the conducting power of Know is proportioned to its compression by 
Winds, raiiw, drifts, and congelation." — Di:. Kahl'b ScconJ Arctic Expeditioru 
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has not free access into them ; in consequence of which they remain aknost at 
an even temperature, which in summer is ahout 10 degrees colder, and in 
winter ahout 10 degrees warmer than the external air. 

500. Refrigerators, used for the preservation of animal and 
principle are vegetahle substances in warm weather, are double-walled 
iind*ire^*roof ^o^®^, with the Spaces between the sides filled with powdered 
safes con- charcoal, or some other porous, non-conducting substance. 
structedr rpj^g so-called "fire-proof" safes are also constructed of 

double or treble walls of iron, with intervening spaces between them filled 
with gypsum, or " Plaster of Paris." This lining, which is a most perfect 
non-conductor, prevents the heat from passing firom the exterior of the safe 
to the books and papers within. The idea of applying " Plaster of Paris" in 
this way for the construction of safes, originated, in the first instance, Grom a 
workman attempting to heat water in a tin basin, the bottom and sides of 
which were thinly coated with this substance. The non-conducting proper- 
ties of the plaster were so great as to almost entirely intercept the passage of 
the heat, and the man, to his surprise, found that the water, although directly 
over the fire, did not get hot. 

501. It has been already stated that liquids and gases 
are non-conductors of heat^ and can not well be heated, 
like a mass of metal, or any solid, by the communication 
of heat from particle to particle. 

whr can not This peculiarity is owing to the mobility 
S^^ be hmt which subsists among the particles of all fluids, 
SlnnerlTwu ^^^ ^ ^^^ chaugo iu the size of the particles, 
"■' which is invariably produced by a change in 

their temperature. 

The constituent particles of solid bodies being incapable of changing their 
relative position and arrangement, the heat can only pass through them, trom 
particle to particle, by a slow process ; but when the particles forming any 
stratum of liquid are heated, their mass, expanding, becomes 
lighter, bulk for bulk, than the colder stratum immediately 
above it, and ascends, allowing the superior strata to descend. C^ 

How is water 502. Whcu the hcat enters at II 

made hot r ^j^^ bottom of a vessel containing /^~^v 

water, a double set of currents is immediately /^^^^p|\ 

established — one of hot particles rising to- M((i{(M|^^ • 
ward the surface, and the other of colder par- ^^\^A^ 
tides descending to the bottom. The por- ^ 

tion of liquid which receives heat from below |A 
is thus continually diffused through the other «m«^ 
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parts, and the heat is communicated by the motion of the 
particles among each other. 

These currents take place so rapidly, that if a thermometer be placed at 
the bottom and another at the top of a long jar, the fire being applied below, 
the upper one will begin to rise ahnost as soon as the lower one. The 
movement of the particles of water in boiling will be understood bj referenoe 
to Fig. 200. Thej may be rendered visible by adding to a fiafik of boiling 
water a few small particles of bituminous coal, or flowers of sulphur. 

Air and other gases are heated in precisely the same manner as watei; 
and this method of communicating heat is termed convection. 

Heat, however, passes by conduction between the particles of both liquids 
and gases, but to such a slight extent, that they were for a long time re- 
garded as entirely incapable of conducting heat 

III what man- ^03. The proccss of cooling in a liquid is 
SSJtedf "^"^* directly the reverse of that of heating. The 
particles at the smface, by contact with the 
air, readily lose their heat, become heavier, and sink, while 
the warmer particles below in turn rise to the surface. 

To heat a liquid, therefore, the heat should be applied at the bottom of 
the mass ; to cool it, the cold should be applied at the top, or surface. 

The facility with which a liquid may be heated or cooled depends in a great \ 

degree on the mobility of its particles. Water may be made to retain its j 

heat for a long time by adding to it a small quantity of starch, the partidea | 

of which, by their viscidity or tenacity, prevent the free circulation of the j 

heated particles of water. For the same reason soup retains its heat longer ■ 

than water, and all thick liquids, like oil, molasses^ tar, etc., require a consid- | 

erable time for cooling. ; 

E lain the ^^^* When the hand is placed near a hot body suspended j 

pheaomena of in the air, a .Sensation of warmth is perceived, even for a \ 

radiation. considerable distance. If the hand be held beneath the body, 

the sensation will be as great as upon the sides, although the heat has to 
shoot down through an opposing current of air approaching it This effect 
does not arise from the heat being conveyed by means of a hot current, sinoo 
all the heated particles have a uniform tendency to rise ; neither can It de- 
pend upon the conducting power of the air, because aeriform substances pos- 
sess that power in a very low degree, while the sensation in the present case 
is excited almost on the instant This method of distributing heat, to dis- 
tinguish it from heat passing by conduction, or convection, is called radiation, 
&nd heat thus distributed is termed radiant, or radiated heat 

r. „ v^« 505. AH bodies radiate heat in some meas- 

Do all bodies 

^^^ wdi?' ^r®r^^* ^^^ ftll equally well ; radiation being 

in proportion to the roughness of the radiating 

surface. All dull and dark substances are^ for the most 
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part^ good radiators of heat ; but brigAt and polisbed sub- 
stances are generally bad radiators.* Color, however, 
alone, has no effect on the radiation of heat. 

If a metal surface be scratched, its radiating power is increased. A liquid 
contained in a bright^ highly-polished metal pot, will retain its heat much 
longer than in a dull and blackened one. This is not due to the polish or 
brightness of the sarfsuce, but to the fact that, by polishing, the sur&oe is ren- 
dered dense and smooth, and such sur&ces do not allow the heat to escape 
readily. If we cover the polished metal sur&ce with a thin cotton or linen 
doth, so as to render the surface less dense, the radiation of heat, and conse- 
quent cooling, will proceed rapidly. 

Black lead is one of the best known radiators of heat) and on this account 
is generally employed for the blackening of stoves and hot-air flues. As a 
high polish is un&vorable to radiation, stoves should not be too highly polished 
with this substance. 

Heat radiated &om the sun is all radiant heat 

606. Heat is propagated through space by 

t>ropagated hy radiation in straight lines, and its intensity 

varies according to the same law which governs 

the attraction of gravitation, that is, inversely as to the 

square of the distance.f 

Thus the heating effects of any hot body is nine times less at three feet than 
at one ; sixteen times less at four feet ; and twenty-five times less at five. 

The velocity with which radiant heat moves through space 
Sty does ral is, in aU probability, the same as the velocity of light Some 
fliant heat authorities, however, consider it to be only four fifths of that 

move Y * 

of light, or about 164,000 miles in a second of time. 

Doesndiatioa 507. The radiatiou of heat goes on at all 
S^^fromSi times, and from all surfaces, whether their 
''***^^ temperature be the same or different from 

that of surrounding objects : therefore the temperature 
of a body &.lls when it radiates more heat than it absorbs; 
its temperature is stationary when the quantities emitted 
and received are equal ; and it grows warm when the ab- 
sorption exceeds the radiation. 

* The action of a blackened surface of tin being assumed as 100, it has been found that 
tiiat of a sted plate iras 15 ; of clean tin, 12 ; of tin scraped bright, 16 ; when scraped with 
the edge of a fine file in one direction, 26; when scraped again across, about 13; a sur- 
face of clean lead, 19 ; covered with a gray crust, 46 ; a thin crust of isinglass, 80 ; rosin 
96 ; wiiting-paper, 98 ; ice, 86. 

t It is an exoeedin^y curious fact that this law applies to all physical influences that 
spread from a center, such as gravitation, heat, light, electrical forces, magnetism and 
■ound ; and to all central forces, when not jpreakened by any resistance or opposing forc& 
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If a body, at any temperature, be placed among other bodies, it will affect 
their condition of temperature, or as we express it, tkermaUy ; just as a candle 
brought into a room illuminates all bodies in its presence ; with this difference, 
however, that if the candle be extinguished, no more light is difi^ed by it ; 
but no body can be thermally extinguLslrcd. All bodies, however low bo 
their temperature, contain heat, and therefore radiate it. 

If a piece of ice be held before a thermometer, it will cause 
iKraometer* *^® mercury in its tube to fall, and hence it has been sup- 
sink when posed that the ice emitted rays of cold. This supposition is 
brought near erroneous. The ice and the thermometer both radiate heat, 

and each absorbs more or less of what the other radiates to- 
ward it But the ice, being at a lower temperature than the thermometer, 
radiates less than the thermometer, and therefore the thermometer absorbs 
less than the ice, and consequently falls. If the thermometer placed m the 
presence of the ice had been at a lower temperature than the ice, it would, 
for like reasons^ have risen. The ice in that case would have warmed the 
thermometer. 

What do we ^^^' ^^^^^^^ ^^ effects which are propagated in straight 
mean by rays lines only (such as light and radiant heat), are most oonve- 
Steht f *** **' niently considered by dividing them into mnumerable strtMght 

lines, or rays; not that there are any such divisions in nature, 
but they enable us more readily to comprehend the nature of the phenomena 
with which these principles are concerned. 

When radiant 510- When lays of heat radiated from one 
tte *gn?f![cTof ^dy fall upon the surface of another body, they 
ma^^'i^t^be^ maybe disposed of in three ways: 1. They 
posed off jj^y rebound from its surface, or be reflected j 

2. They may be received into its surface, or be absorbed ; 

3. They may pass directly through the substance of the 
body, or be transmitted. 

511. A ray of heat radiated from the sur- 
ncr^s heSrol face of a body proceeds in a straight line until 
it meets a reflecting surface, from which it 
rebounds in another straight line, the direction of which, 
is determined by the law that the angle of incidence is 
equal to the angle of reflection. 

The manner in which heat is reflected is strikingly shown by taking two 
concave mirrors, M and N, Fig. 201, of bright metal, about one foot in diameter, 
and placing them exactly opposite to each other at a distance of about ten 
feet In the focus of one mirror, as at A, is placed a heated body, as a mass 
of red hot iron, and in the focus of the other mirror, as at B, a small quantity 
of gunpowder, or a piece of phosphorus. The rays of heat, radiated in diverge 
ing lines from the hot metal, strike upoa the surface of the mirror M, and are 
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reflected by it in parallel lines to the sur&oe of the opposite mirror, N, where 
they wOl be canaed to conyerge to its focus, B, and ignite the powder or 
phosphonis at that point 

Eia. 201. 





What aw d ^^^' Polished metallic surfaces constitute 
refleeton . of the bcst reflcctors of heat ; but all bright and 
light colored surfaces are adapted for this pur- 
pose to a greater or less degree.* 

Water requires a longer time to become hot in a bright tin vessel than in a 
dark colored one, because the heat is reflected from the bright surface, and 
does not enter the vessel. 

How does the 513. The power of absorbing heat varies 
tortSg'^'h!^ ^i^t almost every form of matter. Surfaces 
^"^^ are good absorbers of heat in proportion as 

they are poor reflectors. The best radiators of heat also 
are the most powerful absorbers, and the most imperfect 
reflectors. 

Dark colors absorb heat from the sun more abundantly than light ones. 
This may be proved by placing a piece of black and a piece of white cloth 
upon the snow exposed to the sun ; in a few hours the black cloth will have 
melted the snow beneath it, while the white doth will have produced little 
or no effect upon it. 

The darker any color is, the warmer it is, because it is a better absorbent 
of heat The order may be thus arranged : 1, black (warmest of all) ; 2, violet ; 
3, indigo; 4, blue; 5, green; 6, red; 7, yellow; and 8, white (coldest of all). 

• Of 100 rays falliTig at an angle of 60° from the perpendicular, polished gold will reflect 
T6 ,- silyer 62 ; brass, 62 ; brass without polish, 52 ; polished brass varnished, 41 ; looUng- 
giasB, 20 ; glass plate blackened on the back, 12 ; and metal plate blackened, 6. 

10* 
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A pieoe of brown paper sabmitted to the actba d a boniing'-glasB, ^itca 
much more quickly thaa a piece of white paper. The reasoa of ttm is, that 
the white paper reflects the rsiys of the sun, and thou^ but slightly heated 
appears highly luminous ; while the brown paper, which absorbs the rays, 
readily becomes heated to ignition. For the same reason a kettle whose bot- 
tom and sides are covered with soot, heats water more readfly than a kettle 
whose sides are bright and clean. 

Light-colored &brics are most suitable for dresses in summer, since they 
reflect the direct heat of the sun, and do not absorb it ; blade outside gar- 
ments, on the contrary, are most suitable for winter, as they absorb heat 
readily, but do not reflect it 

* Hoar-fix>st, in the spring and autunm, may be observed to remain longer 
in the presence of the morning sun, on light-colored substances than upon the 
dark-colored soil, etc ; the former do not absorb the heat, as the dark-colored 
bodies do, but reflect it, and in consequence of this they remain too cold to 
thaw the frost deposited upon their surfaces. 

514 Air absorbs heat very slowly, and does not readily 
mosphereheat- part with it. Air rarely radiates heat, and is not heated to 
«* ^ great extent by the durect rays of the sun. The sun, however, 

Leats the sur&ce of the earth, and the air resting upon it m heated by contact 
with it, and ascends, its place being supplied by colder portions, which m turn 
are heated also. 

This reluctance of air to part with its heat oocaedons some very curious dif- 
ferences between its burning temperature and that of other bodies. Ketals, 
which are generally the best conductors, and therefore <x>nmiunicate heat 
most readily, can not be handled with impunity when raised to a temperature 
of more than 120® F. ; water becomes scalding hot at 150° F. ; but air ap- 
plied to the skin occasions no very painful sensation when its heat is &r be- 
yond that of boiling water. 

Some curious experiments have been made in reference to the povirer of the 
human body to withstwid the influence of heated air. Sir Joseph Banks en- 
tered an oven heated 52«> above the boiling point, and remamed there some 
time without inconvenience. During the time, eggs, placed on a metal frame, 
were roasted hard, and a beefeteak wfts overdone. But though he could 
thus bear the contact of the heated air, Se could not bear to touch any metal- 
lic substance, as a watch-chain, mcmey, etc. Workmen, also, enter ovens, 
in the manufacture of molds of plaster of Paris, in which the thermometer 
stands 100® above the temperature of boiling water, and sustain no mjuiy. 
In irhat man- 515- H^at, in passing through most sub- 
bSnamitted^* stances, 01 media, is retained, or intercepted 
e^reuteu^"? ^^ ^*® passage in a greater or less degree. The 
capacity of solids and liquids for transmitting 
heat is not always in proportion to their transparency, or 
capacity for transmitting light. 
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616. The heat of the sun passes through transparent 
bodies without loss ; but heat from terrestrial sources is 
in great part arrested by many substances which allow 
light to pass freely, — such as water, alum, glass, etc. 

Thus, a plate of glass held between one's &oe and the sun wUl not protect 
it^ but held between the &oe and a fire, it will intercept a large proportion of 
the heat 

517. Those substances which allow heat to pass freely 
through them, are called diathermanouSy and those which 
retain nearly all the heat they receive, are called ather- 
manous. 

Bock-salt allows heat to pass through it more readily than any other known 
substance ; whUe a thin plate of alum, which is nearly transparent, ahnost 
entirely mteroepts terrestrial heat Heat, indeed, will pass more readily 
through a black glass, so dark that the son at noon is scarcely discernible 
through it^ than through a thin plate of dear alum. Water is one of the least 
diathermanous substances, although its transparency is nearly perfect lij 
therefore, it is desired to transmit light without heat, or with greatly dimbi- 
ished heat, it is only necessary to let the rays pass through water, by which 
they will be strained of a great part of their heat 

How does the "^* *"'** *^®®'* found that the poww of heat to penetrate a * 
temperstareof dense, transparent substance, is increased in proportion as the 
?n^iLt*^it t®niP©ratare of the body from which it is radiated is increased, 
its fcransmls- Heat, also, accompanied by light, is transmitted more readily 
^^^"^ than heat without light 

Is arayof solar ^^®* ^®** *°^ ^^^ ^"^^ *® ^ oonjomtly from the Bun. 
keat simple or When a ray of light is caused to pass through a prism it is 
SrSSScef *° analyzed or separated into seven brilliant colors, or element- 
ary parta If the heat ray which accompanies the light is 
treated in a sunilar manner, our <»^gans of si^t are so constituted that we 
ao not discover any separation to have taken place in it It is, however, es- 
tablished beyond a doubt, that in the same manner as a ray of white light 
can be modified and divided, so a ray of radiant heat can be separated into 
parts possessing qualities correspondmg to the various colors. 

SECTION III. 

THE EFFECTS t)F HEAT. 

-What effect 519. The general and most obvious effect of 
d^'^^on^ heat upon material substances, is to expand 
bodies f them, or increase their dimensions. 



228 WELLS'S NATUBAL PHILOSOPHY. 

IB tiie form of 520. The form of all bodies appears to be 
^nAS^**ii^n entirely dependent on heat ; by its increase 
^®**' solids are converted into liquids, and liquids 

into vapor ; by its diminution vapors are condensed into 
liquids, and these in turn become solids. 

If matter ceased to be influenced by heat, all liquids, vapors, and doubtless 
even gases, would become permanently solid, and all motion on the sur&ce of 
the earth would be arrested. 

What are the ^^l. The thrcc most apparent effects of 
^^t™*S5te ^Q^ty so far as relate to the form and dimen- 
ofheatf sions of bodics, are Expansion, Liquefaction, 

and Vaporization. 

Heat operates to produce expansion by introducing a repulsive force among 
the particles of the body it pervades. This repulsive force, in the case of 
solids, weakens or overcomes the attraction of cohesion, and gives to the par- 
ticles of all matter a tendency to separate, or increase their distance from one 
another. Hence the general mass of the body is made to occupy a larger 
space, or expand. 

In what bodies 522. The cxpausion occasioned by heat is 
* dSSa^USl greatest in those bodies which are the least in- 
est expanaionf fluencod by the attraction of cohesion. Thus 
the expansion of solids is comparatively trifling, that 
of liquids much greater, and that of gases very consid- 
erable. 

Do bodies con. 523. The cxpausion of the same body will 
^d M i^g continue to increase with the quantity of heat 
M^heat enters ^j^^t cutcrs it, SO long as the form and chemi- 
cal constitution of the body is preserved. 
524. Among solids the metals expand the most ; but 
an iron wire increases only 1-282 in bulk when heated from 
32° of the thermometer up to 212. 

Solids appear to expand uniformly from the freezing point of water up to 
212®, the boiling point of water ;— rthat is to say, the increase of volume which 
attends each degree of temperature which the body receives is equal When 
solids are elevated, however, to temperatures above 212®, they do not dilate 
uniformly, but expand in an increasing ratia 

The expansion of solids by heat is dearly shown by the following experi- 
ment, Fig. 202 : m represents a ring of metal, through which, at the ordinary 
I temperature, a small iron or copper ball, a, will pass freely, this ball being a 

I little less than the diameter of the ring. If this ball be now heated by the 
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What appllca- 
tioDB of the 

Bonds by heat 
are made in 
thearur 




With what de- 
gree of force 
ao bodies ex- 
pand and con- 
tract? 



flame of an alcohol lamp, it will become so F1O4 202. 

far expanded by heat as no longer to pass 
throngh the ring. 

The expansion of solida 

by heat is made applicable 

for many useful purposes in 

the arts. The tires of wheels, 

and hoops surrounding 
water-vats, barrels, etc., are made in the 
first instance somewhat smaller than the 
frame- work they are intended to surround. 
They are then heated red hot and put on 
in an expanded condition ; on cooling, they 
contract and bind together the several parts with a greater fi>Tce than could 
be conveniently applied by any me ch anical mean& In like manner, in con- 
structing steam-boilers, the rivets are &stened while hot, in order that they 
may, by subsequent contraction, fosten the plates together more firmly. 

525. The force with which bodies expand 
and contract under the influence of the in- 
crease or diminution of heat, is apparently 
irresistible, and is recognized as one of the 
greatest forces in nature. 

The amount of force with which a solid body will expand or contract is 
equal to that which would be required to ccnnpress it throngh a space equal 
to its expansion, and to that which would be required to stretch it through a 
space equal to its contraction. Thus, if a pillar of metal one hundred inches 
in height, being raised in temperature, is augmented in height by a quarter 
of an inch, the force with which such increase of height is j»x>duced is equal 
to a weight which being placed upon the top of the pillar would compress it 
so as to diminish its height by a quarter of an inch. 

In the same manner, if a rod of metal, one hundred inches in length, be 
contracted by diminished temperature, so as to render its length a quarter of 
an inch lese^ the force with which this contraction takes place is equal to that 
which being appUed to stretch it would cause its length to be increased by a 
quarter of an inch. 

This principle is sometimes practically applied when great mechanical force 
is required to be exerted tlm)ugh small spaces. Thus walls of buildings 
which, fit>m a subsidence of the foundation, or an unequal pressure, have been 
thrown out of their perpendicular position, and are in danger of felling, may 
be restored in the following manner: A series of iron rods are carried across 
the building, passing through holes in the walls, and secured by nuts on the 
outside. The rods are then heated by lamps until they expand, thereby 
causing their ends to project beyond the building. The nuts with which 
these extremities are provided are then screwed up until they are in, dose 
contact with the outside wall, the lamps are then withdrawn and the rods 
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allowed to eool In oooHng thegr gfadctally oontnot, and hy their oontrao- 
tion draw up the walls. 

On account of the expansion of metal by heat, the succeflslye rafls which 
compose a Ime of raQway can not be placed end to end, but a small space la 
left between their extremities for expansion. 

A stove snaps and crackles when a fire is first kindled in it, and also when 
the fire in it is extinguished. This noise is occasioned by the expansion and 
contraction of the several parts consequent on the increase and diminution of 
beat 

A glass or earthen vessel is liable to break when hot waiter is poured 
into it, on account of the unequal expansion of the inner and outer sui&oes. 
Glass and earthen ware being poor conductors of heat, the inner surfiMies 
m contact with the hot water become beated and expand before the outer are 
affected; the tendency of this is to warp or bend the sides unequally, and as 
the brittle material can not bend, it breaks. 

Nails in old houses are often loose and ea«ly drawn out ; the iion expands 
in summer and contracts in winter more 'than the wood into which it has 
been driven, and thus in time the opening is enlarged. 

When the stopper of a decants or smelling-bottle stksks, a doth dipped in 
hot water, and applied to the neck of the bottle will fi^uently loosen it, since 
by the heat c^the cloth its dimensions are expanded and enlarged. 

The tone of a piano is higher in a oold than in a vrarm room, for thei reason 
that the strings, being contracted by cold, are drawn tighter. 

r« V . . • 526. Liquids expand through the agency of 
do liquids ex- heat mofo UDequally, and to a much greater 
degree than solids. 

A column of water contained in a cylindrical glass 
vessel will .expand ^"3 in length on being heated from * 
the freezing to the boiling point, while a column of 
iron, with the same increase of temperature, will expand 
only -ify. 

A fiuniliar illustraition of the expanaon of water by heat is seen in the oyer- 
flow at full vessels before boiljoig comme^otees. Different liquids expand very 
unequally with an equal increase in temperature. Spirits of wine, on befaig 
heated from 32^ to 212^, increase one ninth in bvlk; oil expands about one 
twelfth ; water, as before stated, about one twenty-third. A person buying 
oil, molasses and spirits in winter, will obtain a greater weight of the same 
material 'in the same measure than in summer. Twenty gallons of aloc^ol 
bought in Januaiy, will, with the ordiuary increase of temperature, become, 
by expansion, twenly-one gallons in July. 

What pecuH- 527. WatCF, as it decreases in temperature 
^^n^^'aSS toward the freezing point, exhibits phenomena 
water exMMtf ^j^ich ate wholly at variance with the general 
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law that bodies expand by heat and contract by cold, or 
by a withdrawal of heat.* 

As the temperature of water is lowered, it continues to contract until it 
arrives at a temperature of 39^ F^ when all further contraction ceases. The 
Yolume or bulk is observed to remain stationary for a time, but on lowering 
the temperature still more, mstead of contraction, expansion is produced, and 
this expansion continues at an increasing rate until the water is congealed. 
At the moment also of its conversion into ice, it undergoes a still further 
expansion. 

,^ . ^ 528. Water attains its greatest density, or 

Waen IB wAtor _ • . . « . • 

vfthegremteot the gfcatcst quantity 18 contained in a given 
bulk, at a temperature of 39° F. 

As the temperature of water continues to decrease below 39^, the point of 
^ greatest density, its particles, from their expansion, necessarily occupy a 
larger space than those which possess a temperature somewhat more elevated. 
The coldest water, ther^re, being lighter, rises and floats upon the surface 
of the warmer water. On the approach of winter this phenomenon actually 
takes place in our Idkes, ponds and rivers. When the sur&ce-water becomes 
sufficiently chilled to assume the form of ice, it becomes still lighter, and con- 
tinues to float. By this arrangement, water and ice being almost perfect 
non-conductors of heat, the great mass of the water is protected from the 
influence of cold, and prevented from becoming chilled throughout. 

If water constantiy grew heavier as its temperature diminished (as is the 

case with most liquids), the colder particles at the surface would constantly 

smk, until the whole body of water was reduced to the freezing point Again, 

if ice was not lighter than water, it would sink to the bottom, and by the 

continuance of this operation, a river or lake would soon become an immense 

BOM mass of ice, which the heat of summer would be insufficient to dissolve. 

The temperate regions of the earth would thus be rendered uninhabitable. 

Amcmg all the phenomena of the natural world, there is no more striking 

illustration of the wisdom of the Creator, and of the evidences of design, than 

in this wonderftd exception to a great general law. 

,,^ , The expansion of water at the moment of freezing is attrib- 

Whj does ▼a- , *^ , ,. x * -j. '-^ i -r 

ter expand in uted to a new and peculiar arrangement of its particles. Ice 

freesh^r ^^ ^ reality, crystallized water, and during its formation the 

partides arrange themselves in ranks and lines which cross each other at 

angles of 60® and 120<», and consequently occupy more space than when 

liquid. This may be seen by examining the surface of water in a saucer while 



A beautiful illustration of this crystallization of water in freezing is seen in 
the frost-work upon windows in winter, caused by the congelation of the 
yapcx' of the room when it comes in contact with the cold surface of the glass. 

* A few other Uqaids besides water expand with a redaction of temperature. Fused 
Iron, antimony, sine, and bismuth, are examples of such expansion. Mercury is a re- 
inarluible insUnce of the reverse, for when it freeses, it Buffers a very great contraction. 
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,,^ , , ^^ Blocks of ice are geuerally filled with minute air-bubbles ; 

What is the o j i 4.v 

origin of the this is owing to the fact that the water in freezing expete tne 

"^""to iM?^*" air contained in it, and many of the liberated bubbles become 

lodged and imbedded in the thickening fluid. 



I 



All these frost-work figures are limited by the laws of ciTBtanizatioii, and the 
lines which bound them, form among themselves no angles but those of 
30O, 60% and 120o. If we fracture thin ice, by allowmg a pole or weight to 
fall upon it, the fracture will have more or less of regularity, being generally 
in the form of a star, with six equi-distant radii, or angles of 60^.. | 

529. The force exerted by Uie expansion of water in the 
foree does w«^ *^* ^^ freezing is very great As an illustration, the following 
ter expand in experiment may be quoted : — Cast-iron bomb-shells, thirteen 
®*" ^ inches in diameter and two inches thick, were filled with wa- 

ter, and their apertures or fuse-holes firmly plumed with iron bolts. Thus 
prepared, they were exposed to the severe cold of a Canadian winter, 
at a temperature of about 19® below zero. At the moment the water 
froze, the iron plugs were violently thrust out, and the ice protruded, and 
in some instances the shells burst asunder, thus demonstrating ' the enor- 
mous interior pressure to which they were subjected by water assuming a 
solid state. 

The rounded and weather-worn appearance of rocks is mainly due to the 
expansion of freezing water, which penetrates into their fissures, and is ab- i 
sorbed into their pores by capillary attraction. In freezing, it expands and 
detaches successive fi*agments, so that the original sharp and abrupt outline is 
gradually rounded and softened down. 

The bursting of earthen water vessels, and of water pipes, by the freezing 
of water contained m them, are familiar illustrations of the same prindpla 

By allowing the water to run in a service-pipe, we. prevent its freezfaig, he- 
cause the motion of the current prevents the crystals from forming and 
attaching themselves to the sides of the pipe. 

At hat tem- ^^^* '^^ ordinary temperature at which water freezes is 
perature does 32<^, Fahrenheit's thermometer. This rule applies only to 
water fireezef firesh water; salt water never fi^ezes until the surfece is cooled 
down to 27°, or five degrees lower than the fi*eezmg point of winter. 

Under some circumstances pure water may be cooled down to a tempera- 
ture much below 32<* without freezing. Thus, if pure, recently-boiled water, 
be cooled very, slowly and kept very tranquil, its temperature may be low- 
ered to 21<> without the formation of ice ; but the least motion causes it to 
congeal suddenly, and its temperature rises to 32°. 

531. The ice produced by the fi^ezing of sea or salt water 
ice produced is generally fresh and free from salt, since water in freezing, 
iSg Sr^ait wal ^ sufficient freedom of motion be allowed to its particles, ex- 
ter free from pels all impurities and coloring matters. The ice formed in 
"^'^ the congelation of a solution of indigo is colorless, since the 

water in which the indigo was dissolved expels the blue coloring matter in 
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In irhat man. 532. Gascs and aeriform substances expand 
^dV^tf l-490th of the bulk wKich they possess^t 32^ 
for every degree of heat which they receive 
above that point, and contract in the same proportion for 
every degree of heat withdrawn from them. 

Thus, 490 cubic inches of air at 32** would so expand afi to occupy an inch 
more space at 33^, and by the addition of another degree of heat, raising its 
temperature to 34°, it would occupy an additional inch, and so on. In a like 
manner, by the withdrawal of heat, 490 cubic inches of air would occupy an 
inch less space at 31^ than at 32^ ; two inches less at 30° and so on. The 
same law holds good for all other gases, and for vapors and steam. 

Illustrations of the expansion of air by heat are most familiar. If a bladder 
partially filled with confined air be laid before the fire, the air contained in it 
may be expanded to a degree sufficient to burst the bladder. Chestnuts laid 
upon a heated surface, burst with a loud report on account of the expansion 
of the air within their shells. The process of warming and ventilating build- 
ings depends entirely upon the application of this principle of the expansion 
and contraction of air by the increase and diminution of heat 

Hoir may the 533. As the mjiguitude of every body changes 
^SS«on*^ with the heat to which it is exposed, and as 
^r to® f£ tlie same body, when subjected to calorific in- 
SUSt?""®"* fluences under the same circumstances has al« 
ways the same magnitude, the expansions and 
contractions which are the constant effects of heat, may be 
taken as the measure of the cause which produced them. 
What are the 534. Thc instrumcuts for measuring heat 
m^rtLgh»t «^re Thermometers and Pyrometers. The for- 
******' mer are used for measuring moderate tempera- 

tures ; the latter for determining the more elevated de- 
grees of heat. 

Liquids are better adapted than either solids or gases for measuring the 
effects of heat by expansion and contraction ; since in solids the direct ex- 
pansion by heat is so small as to be seen and recognized with diflSculty, and 
in air or gases it is too extensive, and too liable to be afifected by variations 
in the atmospheric pressure. From both of these disadvantages liquids are 
free. 

The liquid generally used in the construction of thermometers is mercury, 
or quicksilver. . 

Mercury possesses greater advantages ror this purpose than 
^e^(S^y any other liquid. -It is, in the first place, eminently dis- 
ftdaptedfor the tineuished for its fluidity at all ordinary temperatures: it 



conBtmction of 



toermometersf IS, in addition, the only body m a liquid state whose va- 
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riatloDfl in volume, or magnitude, through a considerable range of tempe- 
rature are exaot^ uniform and proportional with every increase and dim- 
inutioi^Df heat Mercury, moreover, boils at a higher temperature than 
any other liquid, except certain oils; and, on the other hand, it freezes at 
a lower temperature than all other liquids, except some of the most vola- 
tile, such as eCher and alcohol Thus a mercurial thermometer will have a 
wider range than any other liquid thermometer. It is also attended with 
this convenience, that the extent of temperature included between melting 
ice and boiling water stands at a considerable distance from the limits of its 
range, or its free^g and boiling pomts. 

Describe the 535. The luercurial thermometer consists €8- 
SSSJte?.*"'^'" sentially of a glass tube with a bulb at one 
end, partially filled with mercury. The mer- 
cury introduced through an opening in the end of the 
tube is afterward boiled, so as to expel all air and moist- 
ure, and fill the tube with its own vapor. The open end 
of the tube is then closed, by fusing the glass, and as the 
mercury cools it contracts, and collects in the bulb and 
lower part of the tube, leaving a vacuum above, through 
which it may again expand and rise on the application of 
heat. In this condition the thermometer is complete, 
with the exception of graduation. 

-_ ^, 536. As thermometers are constructed of diflFerent dimen- 

How are xber" 

mometers gra- sions and capacities, it is necessaiy to have some fixed rules 
dusted r fQj. graduating them, in order that they may always indicate 

the same temperature under the same circumstances, as the freezing-pomt, for 
example. To accompl^^ this end the following plan has been adopted:— | 
The thermometers are first immersed in melting snow or ice. The mercury 
will be observed to stop in each thermometer-tube at a certain height; these 
heights are then marked upon the tubes. Now it has been aaoertahieNl tbflb 
at whatever time and place the instruments may be afterward immersed in 
melUng snow or ice, the mercury contained in them wiU always fix itself at { 
the point thus marked. This point is called the freezing point of water. | 

Another fixed point is determined by immersiri^ the instruments m boiling 
water. It has been found that at whatever time or place the instruments j 
are immersed in pure water, when boiling, provided the barometer stands at | 
the height of thirty inches, the mercury will always rise in each to a certain 
height This, therefore, forms another fixed point on the scale, and is called 
the boiling point 

Thus far all thermometers are constructed alike. In the ! 
thermometer^ thermometer most generally used, and which is known as | 
of Fahrcnhelfc Fahrenheit's, the intervals on the scale, between the fizzing | 
graduated J .^^^ boiling points, are divided into 180 equal parts. This j 
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ffivision is siinilarly continued below the freezing point to 
ihQ place 0, called zero, and each division npward from that 
is marked with the successive numbers 1, 2, 3, eta The 
freezing point will now be the 32d division, and the boiling 
point will be the 212th division. These divisions are csdled 
degrees, and the boiling point will therefore be 212^, and the 
freezing temperature, 32^. Fig. 203 represents the usual form 
of thermometer, with its graduated scale. 

Thermometers of this character are called Fahrenheit's^ 
from a Dutch philosophical instrument-maker who first int^o- 
duoed this method of graduation in the year 1*724. 

What other 537. In addition to Fahrenheit's 

bSrihren. thermometer, two others are ex- 
hdrsareuaed? tensivelj used, which are known 
as Keaumur's, and the Centigrade thermom- 
eter, or thermometer of Celsius. 

The only difference between these three 
kinds of thermometers is the difference in 
graduating the interval between the freezing 
and boiling points of water. Reaumur's is di- 
vided into eighty degrees, the Centigrade into 
one hundred, and Fahrenheit's into one hundred and eighty. 
According to Reaumur, water freezes at 0°, and boils at 80® ; 
according to Centigrade, it freezes at 0°, and boils at 100<* ; 
and according, to Fahrenheit, it freezes at 32®, and boils at 
212°; the last, very smgularly, commences counting, not 
at the freezing point, but 32° below it. 

The diflTerence between these 



What consti- 
tates the dif> 
ference be- 
tween the dif- 
ferent varieties 
of the ther- 
r? 
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instruments can be easily seen 
by ref(wpence to Fig. 204. 

In England, Holland, and thio 
United States, the thermometer 
most generally used is Fah- 
renheit's. Reaumur's scale is used in Geiv 
many, and the Centigrade in France, Sweden, 
and some other parts of Europe. The scale 
of the Centigrade is by far the sunplest and 
most rational method of graduation, and at the 
present it is almost universally adopted for 
scientific purposes. 

638. The thermometer was invented about 
tiie year 1600; but, like many other inven- 
tions, the merit of its discovery is not to be 
ascribed to one person, but to be distributed 



mong many. 
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How 1b cold of ^^^* "^ *^® temperature is lowered, the mercury in Pah- 
great intensi^ renheit's thermometer gradually sinks, until it reaches a point 
indicated? 390 below zero, where it freezes. Mercury, therefore, cannot 

be made ayailable for measuring cold of a greater intensity. This difficulty 
is, however, obviated by using a thermometer filled with alcohol colored led, 
as this fluid, when pure, never freezes, but will continue to sink lower and 
lower in the tube as the cold increases. Such a thermometer is called a 
8pi4t thermometer. 

H ifl h t f ^^^* ^ ^ Fahrenheit's thermometer be heated, the mercmy 
great intensity contained in it will rise in the tube until it reaches 660<>, at 
measured f which temperature it begins to boiL A slight additional heat 

forms vapor sufficient to burst the tube. Mercury, therefore, can not be naed 
to measure degrees of heat of greater intensity than 660^ F. Temperatures 
greater than this are determined by means of the expansion of solids; and 
instruments founded upon this principle are commonly called pyrometers. 



FiQ. 205. , 




Fia. 206. 



ExDiain tb ^® construction of the pyrometer is represented in Fig. 

oonstrnetionof 205. A represents a metallic bar, fixed at one end, B, bat 
the pyrometer, i^ft g^ ^t the other, and in contact with the end of a pointer 
K, moving freely over a graduated scale. If the bar be heated by the flame 
o4 alcohol, the metal expands, and pressing upon the end of the pointer, moves 
it, in a greater or less degree. In this manner, the effect of heat, applied for 
a given length of time, to bars of different metaJs, having the same length and 
diameter, may be determined. 
xKTu ♦ i« .« 5^1' The first thermometer 

wnai IB an ■1.1/. m 

air-thermome- used consisted of a colunm of 

**' ^ air confined in a glass tube over 

colored water. Heat expands the air and in- 
creases the length of the column downward, 
pushing the water before it : cold produces a 
contrary effect. The temperature is thus indi- 
cated by the height at which the water is ele- 
vated in the tube. Fig. 206 represents the prin- 
ciple of the construction of the air-thermometer. 
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-^ ^ A thermometer does not inform us how much heat any sub- 

mometer in- stance contains, but it merely points out the difference in the 
**"H ^ t**^ temperature of two or more substances. All we learn by the 
substance con- thermometer is whether the temperature of one body is greater 
*"°** or less than that of another; and if there is a difference, it is 

expressed numerically — namely, by the degrees of the thermometer. It must ' 
be remembered that these degrees are part of an arbitrary scale, selected for 
oonvenienoe, without any reference whatever to the actual quantity of heat 
present in bodies. 

After the ex- ^42. The fitst effect produced by heat upon 
wiiS^by he^l soKds is cxpaiision. If the heat be augmented, 
fS?L**^Soi they change their aggregate state and melt, 
aerved? qj bccomc liquid. Many solids become soft 

before melting, so that they may be kneaded ; for instance, 
wax, glass, and iron. In this position, glass can be bent 
and molded with facility, and iron can be forged or welded, 
whatisuque- • 543. By Liqucfactiou we understand the 
^^^^"^^ conyersion of a solid into a liquid by the 
agency of heat, as solid ice is converted into water by the 
heat of the sun. 

Heat is supposed to convert a solid into a liquid, by forcing its constituent 
particles asunder to such an extent that the force of cohesion is overcome or 
destroyed. 

What is soiTx- 544. When a solid is immersed in a liquid, 
*^^^ and gradually disappears in it, the process 
is termed solution, and not liquefaction. A solution is 
the result of an attraction or affinity between a solid and 
a fluid ; and when a solid disappears in a liquid, if the 
compound exhibits perfect transparency, we have an ex- 
ample of a perfect solution. 

.,__ . , When a fluid has dissolved as much of a solid as it is 

Whenisasolu- .,/.,....,, , .i , 

tion said to be capable of domg, it is said to be saturated ; or, in other words, 

Batorated? ^^^ aflBnity or attraction of the fluid for the solid continues to 

op^Bte to a certain point, where it is overbalanced by the cohesion of the 

>lid; it then ceases, and the flaid is said to be saturated. 

A solution is a complete union ; a mixture is a mere me- 
ow does a , . , . ^, ,. * 
Intion differ chanfcal umon of bodies. 

om^ a mix- j^ j^Qg^ cases, the addition of heat to a liquid greatly in- 
creases its solvent properties. Hot water will dissolve much 
'.ore sugar than cofd water ; and hot water will also dissolve many things 
hich cold water is unable to affect. 



X 
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What is va- ^45. If heat be imparted in sufficient qnan- 
porizauonf ^j^y ^^ ^ ^yodj in a liquid state, it will pass into 

a state of vapor. Thus, water being heated sufficiently 

will pass into the form of steam. This change is called 
* Vaporization. 

What is Con- ^^^' ^^ ^ bodj iu s, State of vapor lose heat 
densationf ^^ sufficicnt quantity, it will pass into a liquid 

Ftate. Thus, if a certain quantity of heat be abstracted 

from steam, it will become water. This change is called 

Condensation. 

The change from a state of vapor to a liquid is termed condensation, be- 
cause, in so doing, the body always midergoes a very considerable diminution 
of volume, and therefore becomes condensed. Most solids become liquefied 
before they vaporize ; but some pass at once^ on the application df heat, from 
the state of a soUd to that of a vapor, without assuming the liquid condition. 

547. The melting of a solid, or its conver- 

Isanyparticu- , . ••••i-i i t ti 

lar tempera- BlOU lUtO a UqUlQ, OIllj OCCUrS whcU the BOlld 

for the forma- is heated UD to a certain fixed point : hut the 

tion of vapors? . t* ^* * ^ • . . t i 

conversion oi a liquid mto a vapor takes place 
at all temperatures. 

If in a hot day we expose a vessel filled with cold water to the open air, 
we find that the quantity of water rapidly diminishes, that is, it evaporates^ 
which means tliat it is converted into vapor and diffused through the air. 

•What ii the 548. The vapor of water, and all other va- 
oppearance of ^^^^ g^j.^ ij^yigible and transparent. The water 
which has become diffused through the air by 
evaporation only becomes visible when, on returning to its 
fluid condition, it forms mist, cloud, dew, or frost. 

steam, which is the vapor of boiling water, is invisible, but when it comes 
in contact with air. which is cooler, it becomes condensed into small drope^ 
and is thus rendered visible. 

The proof of this may be found in examining the steam as it issues from 
an orifice, or the spout of a boiling kettle : for a short space next to the open- 
,iag no steam can be seen, since the air is not able to condense it; but as it 
spreads and comes in contact with a larger volume of air, the invisible vapor 
becomes condensed into drops, and is thus rendered visible. 

The visible matter popularly called steam, should be, therefore, distm- 
guished fix)m steam proper, or the aeriform state of water. The cloud, or 
smoke-like matter observed, is really not an air or vapor at all, but a colleo- 
tion of minute bubbles of water, wafted by a current either of true steam, oi; 
more fi-equently, of mere moist air. 
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Is s boiling 
temi>eratare 
reqaisite for 
tiie production 



Fig. 20t* 



Tbe myriadB of minute globules of water into which the steam is condensed 
are separately invisible to tbe naked eye, but each, nevertheless, reflects a 
minute ray of white light. The multitude of these reflecting points, there- 
fore, make the space through which they are diffused appear like a cloudy 
body, more or less white, according to their abundance. 

The suxiace of any watery liquid, whose temperature is 
about 20^ warmer than any superincumbent air, rapidly gives 
ofif true steam. It is not necessary, therefore, fisr the produc- 
tion of stean that water should be raised to the boiling tem- 
perature. 

549. Air without vapor (theoretically called 
dry air) is not known to exist in nature^ and is 
probably not producible by art. 

550. Liquids in passing into vapors occupy 
a much greater space than the substances from 
which they are produced. Water, in pass- 
ing from its point of greatest density into 

steam, expands to nearly 1700 times its volume. 

Eig. 20T represents tbe comparative 
volume of water and steam. 

551. Vapors are 

of all degrees of 

density. The va- 
por of water may be as thin as 
air, or almost as dense as water. 

The opinion formerly prevailed that va- 
pors could not exist by themselves as 
such, but that they were dissolved in the 
air in the same way as salt is dissolved in 
water. The fallacy of this idea is proved 
by the &ct that evaporation goes on more 
rapidly in a vacuum, where no substance whatever is present, than in the 
air. 

What drcum- 552. Evaporation takes place from the sur- 
OT<Jrtv«^»I ^aces of bodies only, and is influenced in a 
**®° ' great degree by the temperature, dryness, still- 

ness, and density of the atmosphere. 

How does tern- '^^ effect of temperature in promoting evaporation may be 
peratnre infln- illustrated by placmg an equal quantity of water in two sau- 
OT«»^ evapora- ^j^ ^^^ ^f which is placed in a warm and dry, and the other 
in a cold and damp, situation. The former inll be quite dry 
before the latter has suffered an appreciable diminution. 



Is vtapor al- 
ways present 
in air? 



What is tbe 
reiallTe ngaoe 
occnpied by 
liquids and va- 
pors? 



Is the density 
of vapors uni- 



form? 
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How does the ^^©n water is covered by a stratum of dry air, the evapo- 
state of the air ration is rapid, even when its temperature is low ; whereas it 
wation? *^**' ^^*®® ^^ ^^^ slowly if the atmosphere contains much vapor, 
even though the air be very warm. 

Evaporation is far slower in still air than in a current The air imme- 
diately in contact with the water soon becomes moist, and thus a check is 
put to evaporation. But if the air be removed by wind from the surface of 
the water as soon as it has become diarged with vapor, and its place 
supplied with fresh air, then the evs^ration contmues on without inter. 
ruption. 

Evaporation is by no means confined to the surface of liquids; but takes 
place from the sur&ce of the soil, and from all animal and vegetable produc- 
tions. Evaporation takes place to a very considerable extent from the sur- 
fece of snow and ice, even when the temperature of tiie air is far below the 
freezing point 

-_. ^ . , 553. A very singular drcumstanoe is connected with tiie 

What singular ,.^ . « , , , . . , , 

circumstance diffusion of vapors throughout the atmosphere, viz. : that the 

witht?Xdiffti^ vapors of all bodies arise into any space filled with air, in 

rion of vapors? the same manner as if air were not present, the two fluids 

seeming to be independent of each other. 

Thus as much vapor of water can be forced into a vessel filled with air as 
into one from which the air' has been exhausted. 

554. When a drop of water falls upon a sur&ce highly 
phenomena of heated; as of metal, it will be observed to roll along the sur- 
*^®"?P*^ff®*^" face without adhering, or immediately passing into vapor, 
liquids. The explanation of this is, that the drop of water does not in 

reality touch the heated surface, but is buoyed up and sup- 
ported on a layer of vapor which mtervenes between the bottom, of the drop 
and the hot surface. This vapor is produced by the heat which is radiated 
from the hot substance, -before the liquid can come in contact with it, and 
being constantly renewed, continues to support the drop. The drop generally 
rolls because the current of air which is always passing over a heated sur- 
face drives it forward. The drop evaporates slowly, because the layer of 
vapor between the hot surface and the h'quid prevents the rapid transmis- 
sion of heat The liquid restmg upon a cushion of steam continually evolved 
from its lower surface by heat, assumes a rounded, or globular shape, as the 
result of the gravity of its particles toward its own center. 

The designation which has been given to the condition which water and 
other liquids assume when dropped upon very hot surfeces, is tliat of tlie 
" spheroidal state." 

If the sur&ce upon which the liquid rests is cooled down to such an ex- 
tent that vapor is not generated rapidly, and in sufficient quantity to sup- 
port the drop, it will come in contact with the surfece, and heat being com- 
municated by conduction, will transform it instantly into steam. 

This is the explanation of the practice adopted by laundresses of touching 
n flat-iron with moisture to ascertain whether the surface is sufficiently hot 
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If the temperature of the iron is not elevated sofSdentlj, the moistore wets 
the sur&oe, and is evaporated ; but at a higher degree of temperature, the 
moisture is repelled. 

The phenomenon of the spheroidal condition of water furnishes an explana- 
tion of the feats often performed by jugglers, of plunging the hands with im- 
punity into molten lead, or iron. The hand is moistened, and when passed 
into the liquid metal the moisture is vaporized, and interposes between the 
metal and the skin a sheath of vapor. In its conversion into vapor, the 
mdsture absorbs heat, and thus still further protects the skin. 

What is ebui- 555. When a liquid is heated sufficiently to 
utionf f^ym Bteam, the production of vapor takes 
place principally at that part where the heat enters ; and 
when the heating takes place not from above^ but from 
the bottom and sides, the steam as it is produced rises in 
bubbles through the liquid, and produces the phenomenon 
of boiling, or ebullition. 

What is the 556. The temperature at which vapor rises 
boHingpoint? ^j^j^ Bufficicut frccdom to cause the phenome- 
non of ebullition, is called the boiling point. 
Is the boaing 557. Different liquids boil at different tem- 
SukJSidrSi peratures. The boiling point of a liquid is, 
■•™«' therefore, one of its distinctive characters. 

Thus water, under ordmary circumstances, begins to boil when it is heated 
up to 2120 Y.; alcohol at 1*73^; ether at 96<*; syrup at 221°; linseed oil 
at 640°. 

ai - '^^ gentle tremor, or undulation, on the surface of water 

mering? which precedes boiling, and which is termed " simmering," is 

owing to the doUapse of the bubbles of steam as thej shoot 
upward and are condensed by the colder water. The first bubbles which 
form ase not steam, but air which the heat expels from the water. As the 
temperature of the whole mass of the water increases, the bubbles are no 
longer condensed and collapsed, but rise through to the surface ; and the 
moment that this takes place boiling commences. The singing of a tea-kettle 
before boiling is occasioned by the irregular escape of the air and steam ex- 
pelled firom the water through the spout of the tea-kettle, which acts in the 
manner of a wind-instrument in producing a sound. 

„ , 658. Liquids, in general, being boiled in open vessels, are 

pressure of the subjected to the pressure of the atmosphere. The tendency 
feSthlKafag ^^ *^^ pressure is to prevent and retard the particles of 
of liquids? water from expanding to a sufficient extent to form steanL 

Hence if the pressure of the atmosphere varies, as it does at 
different times and places, or if it bo increased or diminished by artificial 
"neans, l^e boiling point of a liquid will undergo a correspondmg change. 

11 
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How may the ^^^' '^ ^® asoend into the atmosphere the pressnre is di- 
temperatnreat xninished, because there is less of it above us; it therefore 
b?a?be ^uwd follo^^ t^* wa*®^* 3.t diflferent heights in the atmosphere will 
for determin- boil at different temperatures, and it has been found by ob- 
ing eievationa? g^rvation, that an elevation of 550 feet above the level of the 
sea causes a difference of one d^ree in its boiling point. Hence the boiling 
point of water becomes an indication of the height of any station above the 
sea-level, or in other words, an indication of the atmospheric pressure ; and 
thus by means of a kettle of boiling water and a thermometer, the height of 
the summit of any mountain may be ascertained with a great degree of ac- 
curacy. If the water boils at 211° by the thermometer, the height oi the 
place is 550 feet ; if at 210°, the height is 1100 feet, and so on, it being only 
necessary to multiply 550 by the number of degrees on the thermometer 
between the actual boiling point and 212°, to ascertain the elevation. In the 
city of Quito,' m South America, water boils at 19i° 2^' F. ; its height above 
the sea-level is, therefore, 9,541 feet. 

As we descend into mines, the pressure of the atmosphere is increased, there 
being more of it above us than at the surface of the earth. Water, therefore, 
must be heated to a higher temperature before it will boil, and it has been 
found that a descent of 550 feet, as before, makes a difference of one degree. 

_ ^. 560. In a like manner, if by artificial means we increase or 

How can the - « 

boiling point diminish the pressure of the atmosphere on the surface of a 

chanced^arti! ^i<l^id, we change its boihng point. If water be heated in a 
ficiaiiyf vacuum, ebullition will commence at a point 140° lower than 

in the open air. If a vessel of ether be placed under the re- 
ceiver of an air-pump, and the atmospheric pressure removed from its surfiice, 
the vapor rises so abundantly that ebullition is produced without any in- 
crease of temperature. 

„ is Busar Several beautiful applications in the arts have been made 
boiled in the of the principle that liquids boil at a lower temperature when 
gocere of re- ^qq^ g.^^^ ^^q pressure of the atmosphere than in the open 
air. 

In the refining of sugar, if the syrup is boiled in the open air, tiie tempera- 
ture of the boiling point is so high that portions of the sugar become decom- 
posed by the excess of heat, and lost or injured ; the symp is therefore boiled 
in close vessels from which the air has been previously ezhaiisted, and in this 
way the water of the syrup may be evaporated at a temperature so low aa to 
prevent all injury from heat. 

For cooking, this application could not be carried out The water mighty 
indeed, be made to boil at a temperature much less than 212°, but owing to 
its diminished heat would not produce the desired effect 

whatisdista- 561. Distillation is a process by which one 

M^^^ body is separated from another by means of 

Jieat, in cases where one of the bodies assumes the form 

of vapor at a lower temperature than the other ; this first 
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Fio. 208. 




rises in the form of vapor^ and is received and condensed 
in a separate vessel. 

By this means veiy volatile bodies can be easily separated from less Tolar 
tile ones; as brandy and alcohol from the leas volatile water which may be 
mixed with them. Water of extreme purity can also be obtained by distil- 
lation, because the non-volatile and earthy substances contained m all spring 
waters do not ascend with the vapor, but remain behind in the vessel. 

Distillation upon a small 
scale is effected by means 
of a peculiar-shaped vessel, 
called a retort, Fig. 208, 
which is half filled with a 
volatile liquid and heated ; 
the steam, as it forms, 
passes through the neck of 
the retort into a glass re- 
ceiver set into a vessel filled 
with cold water, and is then 
condensed. 
When the operation of distillatioa is conducted on an extensive scale, a large 
jw„ 209 vessel called a " sUW^ is used, and, for con- 

densing the vapor, vats are constructed, 
holding serpentine pipes, or "worms," 
which present a greater condensing sur- 
face than if the pipe bad passed directly 
through the vat To keep the coil of pipe 
cool, the vats are kept filled with cold 
water. In Fig. 209, a is a furnace, in which 
is fixed a copper vessel, or stUl, to contain 
the liquid. Heat being appUed, the steam 
rises in. the head, &, and passes through 
the worm, d^ which is placed in a vessel 
of water, the refrigerator. The vapor 
thus generated is condensed in Its passage, and passes out as a liquid by the 
external pipe into a receiver. 

What is th -^^ difference between drying by heat and distillation is, 

difference be- that in one case, the substance vaporized, being of no use, is 




hv heat *^nf allowed to escape or become dissipated m the atmosphere ; 



tween 

%t 'and 
distillation? while in the other, being the valuable part, it is caught and 

condensed into the liquid form. The vapor arising from damp linen, if caught 
and condensed would be distilled water ; the vapor given out by bread while 
bskking, would, if collected, be a spirit like that obtained in the distillation of 
grain. 

__ 562. As some substances, by the application of heat, pass 

mation? directly from the solid condition to the state of vapor, so some 

substances, as camphor, sulphur, arsenic, eta, when vaporized 
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by heat, deposit their condensed vapors in a aolid fonn. ThSa process is 
termed sublimation. 

What remark- 563. Odc of the mo8t remarkable circum- 
■^^Li'^^B stances which accompany the phenomena, 
^^H^n?^ ^*^ of liquefaction and vaporization, is the 
disappearance of the heat which has effected 
the change. ^ 

How may this Thus, if a thermometer be applied to a mass of snow, at ice 
principle be U- just upon the point of melting, it will be found to stand at 
loBtratedf 330 p, jf the ice be placed in a vessel over a fire, and the 

temperature tested at the moment it has entirely melted, the water produced 
will have only the temperature of 32^, the same as that of the original ice. 
Heat^ however, during the whole process df melting, has been passing rapidlj 
into the vessel from the fire, and if a quantity of mercury, or a solid of the 
same size, had been exposed to the same amount of heat, it would have con- 
stantly increased in temperature. It is dear, therefore, that the conversion of 
ice, a solid, into water, a liquid, has been attended with a disappearance of heat. 

Again : if one pound of water, having a temperature of 1*74°, be mixed with 
one pound of snow at 32°, we shall obtain two pounds of water, havmg a 
temperature of 32°. All the heat, therefore, whidi was contained in the 
hot water is no longer to be detected by the thermometer, it having been en- 
tirely used up, or disposed of in converting snow at 32° into water at 32°. 
Such disappearances always occur whenever a solid is converted into a liquid. 

I^ however, a pound of water at 32^, instead of ice at the same tempera- 
ture, had been mixed with a pound of water at J '74°, we shall obtain two 
pounds at 103° a temperature exactly intermediate between the temperatures 
of the components. But if the pound at 32° had been solid instead of liquid, 
then the mixture, as before explained, would have had a temperature of 32^^. 
It is evident, therefore, that it is the process of hquefection, and it alone, which 
renders latent or insensible all that heat which is sensible when the pound 
of water at 32° is liquid. 

_ . In the same manner heat disappears when a liquid is con- 

aiMor^OTi of verted into a vapor. The absorption of heat, in this instance, 
raSon^bTrenl ^^^ ^ easily rendered perceptible to the feelings by pouring 
dered evident? a few drops of some liquid which readily evaporates, such as 
ether, alcohol, etc., upon the hand. A sensation of cold is immediately ex- 
perienced, because the hand is deprived of heat, which is drawn away to effect 
the eva|)oration of the liquid. On the same principle, inflammation and fever- 
ish heat in the head may be allayed by batliing the temples with Cologne 
water, alcohol, vinegar, etc. 

If we surround *the bulb of a thermometer loosely with cotton, and then 

moisten the latter with ether, the thermometer will speedily fall several degrees. 

. Water when placed in a vessel over a fire, gradually at- 

Wny can not ^ ^^ ^^ ■, j. a. j u 

water impart tains the boiling temperature, or 212° ; but afterward, how- 

Sfter bomng?*" ©vtr much WO may increase the fire, it becomes no hotter, all 
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the heat which is added serving only to conyert the water at 212^ from a 
liquid condition into steam, or vapor, at 212^. 

564. If we immerse a thermometer in boiling water, it 
know that Stands at 212^ ; if we place it in steam immediately aboye it, 
i?h"ttap u» ' ^* indicates the same temperatm^. We know, however, that 
-water at the Steam contains more heat than boiling water, because if we 
jame^ tempera- ^j^ ^ ^^jj^^ ^f ^^^gp at 212® with five and a half ounces of 
water at 32®, we obtain six and a half ounces of water at a 
temperature of about 60® ; but if we mix aa ounce of steam at 212® with five 
and a half ounces of water at 32®, we obtam six and a half ounces of water at 
212<*. The steam, from which the increased heat is all derived, contains as 
much more heat than the ounce of water at the same temperature, as would 
be necessary to raise six and a half ounces of water from the temperature of 
60® to 212®, or six and a half times as much heat as would be requisite to 
raise one ounce of vrater through about 152® of temperature. This quantity 
of heat will, therefore, be found by multiplying 162® by six and a half, 
which will give a product of 983® — the excess of heat contained in an 
ounce of steam at 212® oyer that contained in aa ounce of boiling water at 
the same temperature. 

What becomes ^^^* ^^ ^'^ conversion of solids into liquids, and liquids into 
of the heat Yapors by heat, we may suppose the heat, the solid, and the 
pearalnUquel ^<l^d ^ ^^^ respectively combined together; — forming a 
faction and va- liquid in the one case^ and a vapor in the otiier. A liquid, 
^ ^^* therefore, may be regarded as a compound of a sdid and 

heat, and a vapor as H compound of heat and the liquid from which it was 
formed. The heat which disappears in these combinations is called Latent, 
or CkucFOUHD Heat. 

What are ''^^ absorption of heat consequent on Ihe conversion of 

treemng mix* solids into liquids, has been taken advantage of in the arts for 
^*"^^ the production of artificial cold; and the compounds of dif> 

ferent substances which are made for this purpose^ are called fi:«ezing mix- 
tmres. 

Why does the "^^^ ™^* simple freezing mixture is snow and salt Salt 
mixture of dissolved in water would occasion a reduction of temperature, 
SodncetateoM ^^^ ^^®^ *^® chemical relations of two solids are such, that 
cold? on mixing, both are rendered liquid, a still greater degree of 

cold is produced. Such a relation exists between salt and snow, or ice, and 
therefore the latter substances are used in preference to water. When the 
two are mixed, the salt causes the snow to melt by reason of its attraction 
for water, and the water formed dissolves the salt : so that both pass from 
the solid to the liquid condition. If the operation is so conducted that no 
heat is supplied from any external source, it follows that the heat absorbed 
in lique&ction must be obtained from the salt and snow which comprise the 
mixture, and they must therefore suffer a depression of temperature propor- 
tional to the heat which is rendered latent 
In this way a degree of cold equal to 40® below tiie freezing point of 



246 WELLS'S KATUBAL PHILOSOPHY. 

How great a water may be obtained. The applicati<m. of this ezperimeiit 
degree of cold -^ ^jj© freeziiur of ice-creams is familiar to alL 
can be obtain- . . ° j i i. • .j x xi. • 

ed by freezing By mmng snow and sulphuric acid together m proper pro- 
mixturea? ^portions, a temperature of 90° below zero can be obt^ed 
without difficulty. 

Wh is th ir '^^ ^ ^ ^^ spring of the year, when the ice and snow 
in spring cold are thawing, is always peculiarly cold and chilly. This is due 
and chilly? to the constant absorption of heat from the air by the ice and 
snow in their transition from a solid to a liquid state. 

,,^ ^ A shower of rain cools the air in summer, because the eartii 

YTbj does a 

Bbowerinsam- and the air both part with their heat to promote evaporation, 
mer cool the jj;^ ^ ^)f q manner, the sprinkling of a hot ro(»n with water 

cools it 
Why is the The draming of a country increases its warmth, since by 
warmth of a withdrawing the water, evaporation is diminished, and leas 
moted by heat is subtracted from the earth. 

draining? rjij^g danger arising from wet feet and clothes is owmg to 

Why do wet ^^ absorption of heat ^m the body by the evapoistion from 
Jeet or clothes the suifeces of the wet materials ; the temperature of the body 
the health of is in this way reduced below its natural standard, and the 
the body ? proper circulation of the blood interrupted. 

566. The absorption of heat in the process by which liquids 
ttnverael^con- *^ converted uato YsapoTy will explain, why a vessel containing 
taining water a liquid that is constantly exposed to the fiction of fire, can 
ftre dMtr^ed ? never receive such a degree of heat as would destroy it. A 

tin kettie containing water may be exposed to the action of 
the most fierce fiimace, and remain uninjured ; but if it be exposed, witiiout 
containing water, to the most moderate fire, it will soon be destroyed. The 
heat which the fire imparts to the kettie obtaining water is immediately ab- 
sorbed by tiie steam mto which the water is. converted. So long as water is 
contained in tiiie vessel^ this absorption of heat will continue ; but if any part 
of the vessel not containing water be exposed to the fire, the metal will be 
fiised, and the vessel destroyed. 

^^^ ^ 667. When vapors are condensed into liq- 

circumstances uids, and liquids are changed into solids, the 
become sensi- latent* hcat Contained in them is set free, or 
made sensible. 

If water be taken into an apartment whose temx>erature is several degrees 
below the freeing point, and allowed to congeal, it will render the room sen- 
sibly warmer. It is, therefore, in accordance with this principle that tubs of 
water are allowed to fi:'eeze in cellars in order to prevent excessive cold. 

It is from this cause that oceans, seas, and other large collections of water 
are most powerful agents in equalizing tiie temperature of the inhabited parts 
of the globe. In the colder regions, every ton of water converted into ice 
^ves out and difiuses in the surroundmg region as much heat as would 
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raise a ton of water from 32<> to 1*74^ ; and, on the otlier hand, when a rise 
of temperature takes plaoe, the thawing of the ice absorbs a like quantity of 
heat: Ihus, in the one case, supplying heat to the atmosphere when the tem- 
peratcffe falls ; and, in the other, absorbing heat from it when tUe temperati^ 
rises. 

In the winter, the weather generally moderates on the fall of snow ; snow 
is frozen water, and in its formation heat is imparted to the atmosphere, and 
its temperature increased. 

Steam, on account of the latent heat it contains, is well 
Specially***™ adapted for the warming of buildings, or for cooking. In 
adapted for passing through a fine of pipes, or through meat and yeget»- 
oo^ogf ^^®^ ^* ** condensed, and imparts to the adjoining surfaces 

nearly 1000° of the latent heat which it contained before 
condensation. 

Steam bums much more severely than boiling water, for the reason that 
the heat it imparts to any surface upon which it is condensed is much greater 
than that of boiling water. 

litheqnantifcy ,668. All bodles Contain incorporated with 
S^imS* Se*" them more or less of heat ; but equal weights 
■•™®' of dissimilar substances, having the same sen- 

sible temperature, contain unequal quantities of heat. 

H this Thus if we plaoe a pound of water and a pound of mercury 

be demon- over a fire, it will be found^hat the mercury will attun to any 
■tratedf g^ven temperature much quieker than the water. Or if we 

perform the converse of tliis experiment, and take two equal quantities of 
mercury and water, and having heated them to the same degree of tempera- 
ture, allow them to cool freely in the air, it will be found that the water will 
require much more time to cool down to a common temperature than the 
mercury. The water obviously contains more heat at the elevated tempera- 
ture than the mercury, and therefwe requires a longer time to cooL 
WhAt !« th ^^^* ^^ssimilar substances require, respectively, different 

meaning of the quantities of heat to raise their temperatures one degree ; and 
term^ apedfic ^j^^ quantity of heat necessary to produce this efifect upon a 
body is termed its specific heat. In like manner, the weight 
which a body includes under a given volume, is termed its specific gravity. 

What is under- ^^^' "^ substauce is said to have a greater 
stood bycapac Or Icss capacitv for heat, according as a sreater 

ifcy.forheat? . ^ .f /• i /. • J x j 

or less quantity of heat is required to produce 
a definite change of temperature, or an elevation of tem- 
perature of one degree. 

How does the ^^ general, the capacity of bodies for heat decreases with 

capacity for heat their density. Thus mercury has a less capacity for heat than 

JuHJmw?'?" '^^*®^' because its density is greater. Air that is rarefied, or 

thin, has a greater capacity for heat thain dense air. This 
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drcamstance will explain, in part, the reason of the very low temperatows 
which exist at great elevations in the atmosphere. Persons ascending high 
mountains, or in balloons, find that the cold increases with the elevatioii. 
The reason oHhis is, that as the air expands and becomes rarefied, its eapao- 
ity for heat is greatly increased, and it therefore absorbs its own sensible 
heat. 

,^^ 1 th In all quarters of the globe, the temperature of the air at a 

limit of per. certain height is reduced so low by its rare&ction, that 'water 
petualsnow? ^j^ ^q^ ^^^ ^ ^ liquid state. This limit, the height of 
which varies, being the most elevated at the equator, and the most depreeed 
at the poles, is called the line of Perpetual Snow.* 

Air forcibly expelled from the mouth feels cool ; in this instance the cold is 
due to a sudden expansion of the air, by which its capacity for heat is in- 
creased. 

The capacity for heat also increases with the temperature. Thus it requires 
a greater amount of heat to elevate the temperature of platinum fit>m 212^ to 
2130, than from 32° to 33 o. 

Of all known bodies, water has the greatest capacity for heat. 
, There are several different ways by means of which the ca* 

ak^ZcSv^ for V^^^ o^ bodies for heat may be determined. One method 
heat in diiTer- consists in inclosing equal weights of different bodies heated 
Sb MwrtSed? ^ *^® ^™® temperature, in closed cavities in a block of ice^ 
and measuring the respective quantities of water which they 
produce by melting the ice. 

The Eftune result may also be obtained by what is called the method of mix- 
tures. Thus, if we mix 1 pound of mercury at 66" with 1 pound <tf water at 
32°, the common temperature will be 33°. Here the mercury loses 33® and 
the water gams 1® ; that is to day, the 33° of the mercury only elevates the 
water 1®, therefore the capacity of water for heat is 33 times that of mercury; 
or, if we call the capacity or specific heat of water 1, then the capacity ©r 
specific heat of mercury will be l-33d or .0303. 

In this way the capacities for heat of a great number of bodies has been 
determined, and tables constructed in which they are recorded. In these 
tables water is taken as the unit of comparison. 

All vapors are elastic, b'ke air. 
dasttdtyofT*- The tendency of vapors to expand is unlim- 
^" ited ; that is to say, the smallest quantity of 

vapor will diffuse itself through every part of a vacant 
space, be its size what it may, exercising a greater or less 
degree of force against any obstacle which may have a 
tendency to restrain it. 

* The Une of perpetual snow at the equator ooenre at a hdght of abont 16,000 feet; »t 
the straits of MageUan, it oeears at an eleratioii of only 4,000 feet 
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' The force with which a vapor expands is called its elastic 
force, or tension. 

The elasticity or pressure of vapors is best illustrated in the (^ase of steam, 
which may be considered as the type of all vapors. 

When a quantity of pure fiteam is confined in a dose vessel, 
ner is tfie^uSl i*8 elastic force will exert on every part of the interior of the 
tic force of vessel a certain pressure directed outward, having a tendency 

to burst the vessel 
What is the When steam is generated in an open vessel its elastic force 
steam f^ed ™^^ ^ equal to the elastic force or pressure of the atmos- 
in »n open res- phere ; otherwise the pressure of the air would prevent it fix)m 
• forming and rising. Steam, therefore, produced from boiling wa- 

ter at 212^ F., is capable of exerting a pressure of 15 pounds upon every square 
inch of surface, or one ton on every square foot, a force equivalent to the 
pressure of the atmosphere. 

„ 4v If water be boiled under a diminished pressure, and there- 

How may tne ^ , . , . V, _ _ 

elastic force of fore at a lower temperature, the steam which is produced from 

SSrod'^r S- ^* ^^^ ^*^® * pressure which is diminished in an equal de- 

minishedr gree. If; on the contrary, the pressure under which #ater 

boils be increased, the boiling temperature of the water and 

the pressure of the steam formed will be increased in a like proportion. We 

have, therefore, the following rule :— 

To what is the 571. Stcam raised from water, boiling under 

rtSm ^Sways ^^^J givcn pressurc, has an elasticity always 

^^^^ equal to the pressure under which the water 
boils. 

H is steam Steam of a high elastic force can only be made in close ves- 
of high clastic scls, or boUers. The water in a steam-boiler, in -the first in- 
force generated? gtance, boils at 212<>, but the steam thus generated being 
prevented from escaping, presses on the surface of the water equally as on 
the suri^u^e of the boiler, and therefore the boiling point of the water becomes 
higher and higher ; or in other words, the water has to grow constantly hot- 
ter, in order that the steam may form. The steam thus formed has the same 
temperature as the water which produces it. 

, The temperature of the water in working steam-boilers is 

tent can water always much greater than 212®. It should also be borne in 
der^pre^reT ™^^ *^^* water, if subjected to sufficient pressure, can be 
heated to any extent without boiling. There is no limit to 
the degree to which water may be heated, provided the vessel is strong 
enough to confine the vapor ; ]5ut the expansive force of steam is so enormous 
under these circumstances, as to overcome the greatest resistance which has 
ever been exerted upon it 

If a boiler, containing water thus overheated many degrees beyond the 
boiling point, be suddenly opened, and the steam allowed to expand, the 

11 
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iribde water iginmiBdialriy Mown oat of the wawJ a» » nkfc bjtbe sfeeam 
fanoBd St the aame insstant throdgfaoot ewerj pvt of tfao maaa. To use a 
oommoa expreflBwn, ** the water flaflbea into steam.^ 

^^ Steam, like water, maj be heated to anj extent when con- 

tmteammam fined and prevented from expanding with the increase ot 
be he*tel ■■> temperature ; in some of the methods ktely inirodooed far 
p urifyin g oQs, etc^ tiie temperatore of the steam, before its 
^ipiicatioD, is required to be soflSdendr derated to enaUe it to melt lead. 
whatissvper. 572. Steam which has been heated in a 
iieated stomr gepaiatc state to a high degree of temperature 
nnder piessore, is known as " Superheated Steam/' In 
this condition its mechanical and chemical powers are 
wonderfully increased. 

In the mannfactore of lard on an extensive scale the caroass of tiie whole 
hog is exposed to the action of steam at Teiy high pressare, this acting upon 
the mass of flesh and hones, breaks up and reduces the whole to a &t 
fluid masB. Ordinaiy steam, und^ the same drcumstanoes, would dissolve 
nothiqg. 

Steam has also been recentij applied to the carbonization of wood. For 
this purpose cwdinaiy steam is conducted through red hot pipes, whereby it 
attains a very high degree of temperature. It is tiien allowed to pass into a 
vessel containing wood intended to be converted into charooaL The heated 
steam, penetratmg into the pores of tiie wood, drives off the volatQe portions, 
the water, the tar, eta, and leaves the pure carbon alone behind. 
What ifl High- 573. Steam generated by water boiling at a 
preMore steam? y^yy jj|gj^ temperaturc, is known as High- 
pressure Steam. By this term we mean steam condensed 
not by withdrawal of heat, but by pressure, just as high- 
pressure air is merely condensed air. To obtain a double, 
triple, or greater pressure of steam, we must have twice, 
thrice, or more steam under the same volutne. 
What relation 574. The sum of the sensible heat of any 
JS5wS**'^Sd vapor, and the latent heat contained in it, is 
latent heatr always the same. 

It is an established fact that the* heat absorbed hj vaporization is always 
less the higher the temperature at which this vaporization takes place, and 
Just in proportion also as vapor or steam indicates a lower temperature by the 
thermometer, it contains more latent heat Thus, if water boils at 312^, the 
heat absorbed in vaporization will be less by 100^ than if it bofled at 212^. 
And again, if water be boiled under a diminished pressure at 112°, the heat 
absorbed in vaporization will be 100^ more than the heat absorbed by water 
boiled at 2X2o. 
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SECTION IT. 

-What is a 575. The Steam-Engine is a mechanical 
steam-Enginer contrfvance bj which coal, wood, or other 
fiiel, is rendered capable of executing any kind of labor.* 

Hoirmachme. "^^ substanoe which ftumishee the means of calling the 

dumieid force powers of coal into actiyity is water ; two ounces of coal, with 

S*tt» oo^u^ * proper arrangement will evaporate about one pint of water; 

tion of two this will produce 216 gaUons of steam, which can exert a 

onnces of coal? mechanical force equivalent to raising a weight of 3T tons to 

the height of one foot. 

„ , ,, It has been found by experiment that the greatest amount 

How does the - - ... _j. y , • , . 

force of a man of force which a man can exert when applying his strength to 

tt™ fSro ^n* *^® *^^ advantage through the hqlp of machinery, is equal to 

erated by the elevating one and a half millions of pounds to the height of 

TOmbustion of ^^^ fy^^ ^y working on a treadmill contmuously for eight 

houra A well-constructed steam-engine will perform the 

same labor with an expenditure of a pound and a half of coaL 

__ . , The average power of an able-bodied man during his active 

How mncn coal ' _ . ■, - ^ i^ax . .■, .- 

iaeqairaleDt to hfe, supposmg him to work for twenty years at the rate of 

ttie whole ac- ^jgjjt hours per day, is represented by an eqmvalent of about 
a man? four tons of coal, since the consumption of that amount will 

evolve in a steam-engine, fully as much mechanical force. 
The great pyramid of Egypt is five hundred feet high, and weighs twelve 
thousand seven hundred and sixty millions of pounds. Herodotus states that 
in constructmg it one hundred thousand men were constantly employed for 
twenty years. At the present time, with the consumption of 480 tons of 
coal, all the materials could be raised to their present position from the 
ground in comparatively little time. 

"Wh t is th '^^ greatest work ever known to have been performed by 

greatest amount a steam-engine, was to raise sixty thousand tons of water a 
SL^pBshTd' ^^* ^^ ^*^ *^® expenditure of one bushel of coaL This 
by a steam- work was accomplished by one of the engines employed in 
engine ? ^^ j^^^^ ^f CornwaU, England. 

* "CoalB are by it made to spin, weaye, dye, print, and dress silks, cottons, woolens 
and other cloths ; to make paper, and print books upon it when made ; to convert corn 
into flour ; to express oil from the olive, and #ine from the grape ; to draw up metals 
from the bowels of the earth; to pound and smelt it; to melt and mold it; to roll it 
and fashion it into every desirable form ; to transport these manifold products of its own 
labor to the doors of those for whose convenience ttiey are produced ; to carry persons and 
goods over the waters of rivers, lakes, seas, and oceans^ 4^ opposition alike to the natural 
diflSculties of wind and water ;' to carry the wind-bound ship out of port, to place her on 
the open deep, ready to commence her voyage ; to transport over the sorface of the sea 
and the land, persons and information from town to town, and from country to country, 
with a speed as much exceeding the ordinary wind, as the ordinary wind exceeds that of 
a pedestrian.**— Zdrdner. 
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How ii steam 576. Steam is rendered useful for mechan- 

for mechanical ICal pUTpOSCS SllUply DJ itS preSSUTC, OF elastlC 
purposes force. 

Steam can not, like wind and water, be made to act advantageously by its 
impulse in the open air, because the momentum of so 
light a fluid, unless generated in vast quantities, would 
be inconsiderable. The first attempts, however, to 
employ steam as a moving power, consisted in direct- 
ing a current of steam from the mouth c^ a tube agaUist 
the floats or vanes of a revolving wheeL 

A machine of this kind, invented more than 2,000 
years ago by Hero of Alexandria, is represented in 
Fig. 210. It consists of a small hollow sphere, fur- 
nished with arms at right angles to its axis, and whose 
ends. are bent in opposite directions. The sphere 
is suspended between two columns, bent and pointed 
at their extremities, as represented in the figure : one 
of these is hollow, and conveys steam from the boiler 
below, into the sphero;. and the escape of the vapor 
fh>m the small tubes, by the reaction, produces a rotary motion. 

In order to render the pressure of steam practically aviula- 
ble in machineiy, it is necessary that it should be confined 
withm a cavity which is air-tight, and so constructed that its 
dimensions or capacity can be enlarged or diminished without 
impairing its tightness. When the steam enters such a ves- 
sel, its elastic force pressmg against some movable part, causes 
it to recede before it, and from this movable part motion is communicated to 
machinery. 

The practical arrangement by which such a Fig. 21L 
conditions at- result is accomplished is by having a hollow 
tainod? cylinder, A B, Fig. 211, with a movable piston, 

D, accurately fitted to its cavity. When steam \mder pressure 
in a boiler is admitted into the cylinder below the piston, it ^ 
expands, and acting upon the under surface of the piston, 
causes it to rise, lifting the piston-rod along with it 

Suppose, as in Fig. 212, the cylinder to be connected at the 
bottom or side with a pipe, R, opening into a steam boiler, and 
on the other side with a pipe, B, terminating in a vessel of 
■* cold water. Suppose the valve in R to be open, and that 
in B to be shut; steam then passing into the cylinder from 
the boiler wiU force the piston up to the top of the cylinder. 
Let the valve in R then be shut, and the valve in B be 
Opened; the steam contamed in the cylinder wiU pass out * 
of the pipe B, and coming in contact with cold water, in 
the vessel connected with it, wiU be condensed, and a yacuum formvcr 



To render the 
pressare of 
steam availa- 
ble in machin- 
ery, what oon- 
ditions are 
necessary? 
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Fia. 212. beneath the piston. The pressore of 

the atmosphere then acting upon the 
other side of the piston, will drive 
it down. The position of the valyes 
in R and B being reyeraed, the piston 
may be raised anew by the admis- 
sion of more steam, to be condensed 
in its tarn, and in this manner the 
alternate motion may be continued 
indefinitely. The alternating, or re- 
dprocatmg motion of the piston, is 
converted, by means of a lever and crank attached to the top of the pis- 
ton-rod, into a rotary motion, soitable for driving-wheels, shafts, and other 




What is the 
construction 
ftnd operation 
of a condens- 
ing steam-en- 
gine? 



Such an arrangement as described constituted the first practical steam- 
engine. It received the name of the atmospheric engine, firom the fact that 
the pressure of the atmosphere was employed to press down the piston after 
it had been elevated by the steam. 

5*77. In modem engines, the pressure of the atmosphere is 
not employed to drive the piston down. The steam is ad- 
mitted into the cylinder above the piston, at the same time 
that it is condensed or withdrawn from below, and thus 
exerts its expansive force in the returning as well as in the 
ascending stroke. 

This results in a great increase of power. By the condensation or with- 
drawal of the steam, a vacuum is created' below the piston, and the -steam 
admitted into the cylinder above the piston, forces it through the vacuum 
with an ease and rapidity far greater than would be possible if atmospheric 
or other resistance were to be overcome.* 

The withdrawjJ or condensation of the steam, in order to produce a vacuum 
either above or below the piston, is accomplished by opening at the proper 
time a communication between the cylinder and a strong vessel situated at a 
distance fi-om it, called the condenser. Into this vessel a jet of cold water is 
thrown, which instantly condenses the steam, escs^ing from the bottom of the 
cylinder, into water. 



• "A proof of the extraordinary power obtained in this way, through the combustion 
of fuel, is presented in the following calculations :— One cubic inch of water is conyerti- 
ble into steam, of one atmospheric pressure, by 15| grains of coal, and this expansion of 
the water into steam is capable of raising a weight of one ton the height of a foot The 
one cubic inch of water becomes very nearly one cubic foot of steam, or 1,728 cubic inches. 
When a vacuum is produced by the condensation of this steam, a piston of one sqnare 
inch surface, that may have been lifted 1,728 inches, or 144 feet, will fall with a velocity of a 
heavy body rushing by gravity down a perx>endicular height of 13,500 feet This would 
give the falling body a velocity, at the termination of its descent, equal to 1,300 feet per 
second, greater than that of the transmission of sound. From this we can form some 
estimate o( the strength of the tempest which alternately blows the piston in its cylinder, 
when elastic steam of high-pressure is employed."— Pro/. H. D, Bogers. 
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A steam-engine of this character is called a condenising steam-engine, be- 
cause the steam which has been employed' in raising or depressing the jHstoti 
is condensed^ after it has accomplished its object, leaving a vacuum above or 
below the piston. It is also called a low-pressfm^ engine, because, on ac- 
count of the vacuum^ which is produced alternately above and below the 
piston, the steam, in acting, does not expend any force in overebtolng the 
pressure of the atmosphere. Steam, therefore, majTbe used tmder such condi- 
tions of low expansive force, or, as it is technically called, of "low-pwasure." 

The practical construction of the 
piston and cylinder, and the ar- ^Ck 213; 

rangement of pipes and valves by 
which the steam is admitted alter- 
nately above and below the piston, 
is fully shown in Fig. 213. The 
valves, which are of various forms^ 
are connected by levers with the 
machinery, in such a way as to 
open and close with great ac- 
curacy at exactly the proper mo- 
ment 

Whatlsahl^. ^}^ ^^ *"« 

pressure en- engines, the appa- 

^®^ ratus for condens- 

ing the steam alternately above 
or below the piston, is dispensed 
with, and the steam, after it has 
moved the piston from one end of 
the cylinder to the other, is al- 
lowed to escape, by the opening of 
a valve, directly into the air. To 
accomplish this, it is evident that 
the steam must have an elastic 
force greater than the pressure of 
the atmosphere, or it could not 
expand and drive out the waste 
steam on the other side of the piston, in opposition to the pressure of the air. 
An engine of this character is accordingly termed a "high-pressure" engine. 

High-pressure engines are generally worked with a pressure of from fifty 
to sixty pounds per square inch of the piston ; of this pressure, at least fifteen 
pounds must be expended in overcoming the pressure of the atmosphere, and 
the surplus only can be applied to drive machinery. 

One of the most familiar examples of a high pressure engine is the loco- 
motive used on railroads. The steam which has been employed in forcing the 
piston in one direction is, by the return movement of the piston, forced out of 
the cylinder into the smoke-pipe, and escapes into the open air with irregular 
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What are th High-pressure engines are generally used in all situations 

adrantagesand wliere simplicity and lightness are required, as in the case of 
of*Wgh-pJe». ^® locomotive; also in situations where a free supply of 
are engines? water for condensation can not be readily obtained. As they 
use steam at a much higher pressure than the condensing en- 
gines, they are more liable to accidents arising from explosions. High-press- 
ure engines are less expensive than low-pressure, einoe all the apparatus for 
oondensiug the steam is dispensed with, the only parts necessary being tl^e 
boiler, cylinder, piston, and valves. 

steam ^^^' ^* is not necessary in the steam-engine that the steam 
said to be used should flow continuously from the boiler into the cylinder 
expansively r during the whole movement of the piston, but it may be cut 
off before it has folly completed its ascent or descent in the cylinder. The 
steam already in the cylinder immediately expands, and completes the move- 
ment already begpin, thus saving a considerable quantity of steam at each 
movement Steam employed in this way is said to be used expansively. 

To cany out this plan to the best advantage, the 
expansive force of the steam must be greatly in- 
creased by working it under a high pressura 
„ . ^, 580. In many engines the supply 

tion of steam- of steam to the pyunder is regu- 
eoj^es regu- j^ted by an apparatus called the 
latea ? rm • • ^ . 

Grovemor. This consists, as is rep- 
resented in Fig. 214, of two heavy balls, C and G% 
connected by jointed rods, D D', with a revolving 
axis. A. "When the axis is made to revolve rap- 
idly, the centrifogal force tends to make the balls 
diverge, or separate from one another in the same 
manner as the two l^s of a tongs will fly apart 
when whirled round by the top. This divergence 
draws down the jointed rods, but a slower motion of the axis causes the 
balls, on the contrary, to approach each other, and thus push them up^ 
These movements of the jointed rods in turn raise or lower the end of a bar, 
E, which acts as a lever, and moves a valve which increases or diminishes the 
quantity of steam admitted from the boilers into the cylinder — ^thus preserv- 
ing the motion of the engine uniform. 

In stationary engines, also, a large and heavy fly-wheel is often used, which 
by its momentum causes the machinery to move uninterruptedly, even if the 
pressure of steam be less at one point than at another * 

* Fig. 215 illustrates the principal parts of a condensing steam-cngine and its mode of 
action. 

Upon the left of the fignre is the cylinder, which receives the steam from the boiler. 
A part of the side of the cylinder is cut away in order to show the piston, which moves 
idtemately np and down according as the steam is admitted above or below it. By the 
rod A the piston transmits its alternating movements to the walking-beam, L, which is an 
enormons lever accurately balanced on its center, and supported by four columns. The 
walking-beam, L, communicates its motion by means of a connecting-rod, I, to the crank. 
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Fig. 215. 




681. Steam-boilers, which, although necessary to the generation of the 
powers are quite independent of the engine, are constructed of thick sheets 
of iron or copper, strongly riveted together. 

K, by wbich a rotary movement is communicated to the wheel, Y ; from this the poirtf* 
tnay be applied by other wheels, or by bands and pulleys, to effect different operations. 

At the left of the cylinder is an arrangement of valves and pipes, by which the steam ia 
allowed to act alternately above and below the piston. After the steam has completed its 
action by forcing the piston to the extremity of the cylinder, it is necessary that it should 
be withdrawn, and a vacuum formed in its place. In order to accomplish this, the steam, 
after having acted, is caused to pass into the cylinder, O, which contains cold water, and 
is termed the condenser. Here it is condensed, and a vacuum formed in the cylinder 
above or below the piston, as the case may be. • 

As the cold water of the condenser becomes quickly heated by the condensed steam 
withdrawn from the cylinder, it becomes necessary to constantly withdraw the hot water 
and replace it by cold water, in order that the condensation of the steam may take place 
as rapidly as possible. This is effected by meafis of two pumps ; the one, F M, which is 
called the ** air-pump,** which withdraws the hot water from the condenser, and with it 
any air that may be present either in the cylinder or the condenser ; the other, U R, 
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The esflential requisites of a steam-boiler are, that it should 
essential req- possess sufficient strength to resist the greatest pressure which 
Bt^^boif t ^ ^^^^ liable to occur from the expansion of the steam, and 
that it should offer a sufficient extent of surface to the fire 
to insure the requisite amount of yaporizatioo. In common low-pressure 
boilers, it requires about eight square feet of surface of the boiler to be ex- 
posed to the action of the fire and flame to boil off a cubic foot of water in an 
hour; and a cubic foot of water in its oonvertion into steam equals one- 
horse power. 

The strongest form for a boiler, and one of the earliest which was used, is 
that of a sphere; but this form is the one which offers least sur&oe to the 
fire. The figure of a cylinder is on many accounts the best, and is now ex- 
tensively used, espedaUy for engines of high-pressure. It has the advantage 
of being easily constructed from sheets of metal, and the form js of equal 
strength except at the end& In such a boiler the ends should be made 
thicker than the other parts. 

called the "cold-water pnmp,'* drawn tromtk well or rirer the cold water to supply the 
place of the heated water withdrawn from the condenser hy the air-pnmp. There is also 
a third pump, O Q, which is called the ** supply" or ** feed-pump," because it pumps into 
the boiler the hot water which the air-pump withdraws from the condenser, thus econ- 
omizing the consumption of fuel. 

The rarious parts of the engine (as showif in Fig. 215) are Qlnstrated in detail by the 
following descriptive explanation : — 

A — ^Fiston-rod connected with the walking-beam, and transmitting to it the alternating 
movement of the piston. 

B, C, D, E— Arrangements of levers and joints, intended to galde and preserre the pis- 
ton-rod A in a perfectly rectilinear track during its up-and-down movements. 

F— Arm or rod of the air-pump, which removes the hot water and air from the con- 
denser. 

G — Bod of the " supply" or " feed-pump," which supplies to the hoOer the hot water 
withdrawn from the condenser. 

H — Sod of the cold-water pump, which supplies the cold water necessary for con« 
denfoitlon. 

I— ConnectiDg-rod, which transmits the motion of the walking-beam, L, to the crank, K 

M — Cylinder of the air-pump in communication with the condenser, O. 

O— Condenser filled with cold water, in which the steam after acting upon the j^ton is 
condensed. 

P— Piston, movable in the cylinder i it receives directly the pressure of the steam upon 
the upper and lower suxface alternately, and transmits its movements by means of the rod 
A to the rest of the machinery. 

S — Pipe conducting the hot water withdrawn from the condenser to the boiler. 

T^Pipe discharging the cold water from the cold-water pomp into the condenser, O. 

V — Pipe conducting the steam from the cylinder, after it has acted upon the piston, into 
tiie condenser. 

V— Fly-wheeL 

Z— Connecting-rod, which transmits the movements of the eccentric, 0, through the 
lever, Y, to the valves, b. The eccentric is a wheel fixed upon the crank-shaft, as seen 
at e. It is called an eccentric from the circumstance of the wheel not being concentric, or 
having a common center with the crank-shaft upon which it is fixed, It becomes, there- 
fore, a substitute for a short crank, and transmits a reciprocating movement to the rod 
Z, which is connected with the valves at b by the lever Y. These valves being alternately 
opened and dosed by the movement of the rod Z, admit the steam alternately above or 
below the picrton. 
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What is the 
eonstmction of 
a flue-boiler f 



A very great improvement was 
effected in the construction of steam- 
boilers bj placing a cylindrical fur- 
nace within a cylindrical boiler, thus surrounding the 
heated surfaces with water upon all sidea By this 
method, all the heat, except what escapes up the 
chimney, is oommunicated to the water. Such boUers 
are known as ** flue-boilers." Their general form and 
plan of construction are represented in Fig. 216. 
__j. ^ The requirements of a boiler suit- 

pecfoiiuitiesof tM» for a locomotive are, 



Fia 216. 




looomotfre- 
boUer? 



tM» for a locomotive are, that 

the greatest possible quantity of water should be eyojpat' 
ated with the greatest rapidity in the least possible space. 
The quaattly of fuel consumed is a secondary consideration, as this can be 
carried in a separate vehicle. The principle by which this has been aooom- 
plished, and the invention of which may be said to have made the present 
railway system, consists in carrying the hot product of the fire through the 
water in numerous small parallel flues or tubes, thus dividing the heated 
matter, and as it were filtering it through the water to be heated. In this 
manner the surfaces, by which the water and the heating gases communicate, 
are immensely increased, the whole having a resemblance to the mechan- 
ism of the lungs of animals, in 
which the air and the blood are 
divided and presented to each 



Fig. 217. 



other at as many points, and 
with as little intervening matter 
between them, as is consistent 
with their separation. Fig. 217 
represents the interior of the fire- 
box of a locomotive, showing 
the opening of the tubes, which 
extend through the whole length 
of the boUer, and are surrounded 
with water. The smoke and 
other products of combustion pass 
through these tubes, and finally 
escape up the smoke-pipe. It 
will be further observed by the 
examination of the figure that 
the fire-box is double-walled, or rather walled and roofed with a layer of 
water, leaving only the bottom vacant, which receives the grate-bars. 

682. The safety-valve is generally a conical lid fitted 

•afety-valve. ^^ *h® boiler, and opening outward ; it is kept down by a 

weight, acting on the end of a lever, equal to the pressure 

which the boiler is capable of sustaining without danger firom the steam 

generated within. If the amount of steam at any time exceeds the pressure, 
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Fro. 218. 




Hoir does a 
dimimttion of 
▼ftter in boil- 
ers often oc- 
casion exjjio- 

BioDB? 



it oreroomes the resistance of 
the weight, lifts the valve, and 
allows the steam to escape. 
When sufficient steam baa 
escaped to diminish the pres- 
sure the valve fiUls back into 
its place, and the boUer is as 
tight as' if it had no such opening. 
Fig. 218 represents the ordmaiy construction of the safety-valve. 

6«3. The explosion of steam-boflers, when the safety-valve 
is in good condition and working order, is sometimes inex- 
plicable ; but explosions often result from the engineer allow- 
ing the water to become too k)w in the boilers. When this 
occurs, the parts of the boiler which are not covered with 
water, and are exposed to the fire, become highly overheated. I^ in this 
condition, a fresh supply of water is thrown into the boiler, it comes suddenly 
into contact with an intensely-heated metal surface, and an immense 'amount 
of steam, having great elastic force, is at once generated. In this case the 
boiler may burst before the inertia of the safety-valve is overcome, and the 
stronger the boUer the greater the explosion. 

What is a 684. The degree of pressure which the steam exerts upon 
Bteam-guage? the interior of the boiler, and which is consequently avail- 
able for working the engine, is indicated by means of an instrument called 
the "steam" or " barometer-guage." It 
consista simply of a bent tube, A, G, D, 
E, Fig. 219, fitted into the boiler at one 
end, and open to the air at the other. 
The lower part of the bend of the tube 
contains mercuiy, which, when the pres- 
sure of steam in the boiler is equal to 
that of the external atmosphere, will 
stand at the same level, H B, in both legs 
of the tube. When the pressure of the 
steam is greater than that of the atmos- 
I^ere, the me»sury is depressed in the 
leg D, and elevated in the leg D E. A 
scale, €K is attached to the long arm of 
the tube, and by observing the difference 
of the levels of the mercury in the two 
tubes, the pressure of the steam may 

be calculated. Thus, when the mercury is at the same level in both 
legs, the pressure of the steam balances the prpssure of the atmosphere, 
and is therefore 16 pound& per square inbh. If the mercury stands 30 
inches higher in the long arm of the tube, tiien the pressure of the steam 
is equal to l&at of two atmospheres, or is 30 pounds to the square inch, and 
so on. 



Fig. 219. 
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„ ^. As the pressure of steam increases with its temperature, the 

How can the .,..-,,-, , ^ i i_ 

pressare of pressure upon the mtenor of the boiler may also be known ojr 

5J^?L ^ *"' means of a thermometer mserted mto the boiler. Thus it has 

dicated by a 

thermometer? been ascertained that steam at 212^ balances the atmosphere, 

or exeats a pressure of 15 pounds per square inch ; at 250^, 

30 pounds ; at 2*75°, 45 pounds ; at 294°, 60 pounds, and so on. 

^ .^ .^ 385. The steam-whistle attached to locomotive and other 

Describe the . . , , . . ^i. _^ . • ^ 

Bteam-whUae. engines IS produced by causmg the steam to issue from a 

narrow circular slit, or aperture, cut in the rim of a metal cap; 

directly over this is suspended a bell, formed like the bell of a clock. The 

steam escaping from the narrow aperture, strikes upon the edge or rim of the 

bell, and thus produces an exceedingly sharp and piercing sound. The size 

of the concentric part whence the steam escapes, and the depth of the beJl 

part, and their distance asunder, regulate the tones of the whistle from a 

shrill treble to a deep bass. 



SECTION V. 

WARMING AND VENTILATION. 

Upon what 586. In the wanning and ventilation of 

ti^'^warming tuildings, the entire process, whatever expe- 
Sf^^uUdS^ dients may be adopted, is dependent upon the 
depend? expansion and contraction of air ; or in other 

words, upon the fact that air which has been heated and 
expanded ascends, and air which has been deprived of 
heat, or contracted, descends. 

What is ven- 587. Veutilatiou is the act or operation of 

tiiation? causing air to pass through any place, for the 

purpose of expelling impure air and dissipating noxious 

vapors. 

The theoretical perfection of ventilation is to render it impossible fi>r any 
portion of air to be breathed twice in the same place. 

-^ In the open air, ventilation is perfect, because the breath, as 

tiiation perfect ? it leaves the body, is warmer and lighter than the surround- 
ing fresh air, and ascending, is immediately replaced by an 
ingress of fresh air ready to be received by the next respiration. 
_. . . CJommon air consists of a mixture of two gases, oxy^n and 

once respired nitrogen, m the proportion of one fifth oxygen to four fifths 
unwholesome? nitrogen. By all ^he forms of respiration or breathing, and 
of combustion, the quantity of oxygen in atmospheric air is diminished and 
impaired, and to exactly the same extent is air rendered unwholesome and 
unsuitable to supply the wants of the ammal system 
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How much ^^ ^ calcidated that a full-grown person of average size ab- 

freiih air is re-' Borbs aboQt a cublc foot of oxygen per hour hj respiration, 
Sr^S^ ^thy' ^^ consequently renders five cubic |eet of «r unfit for breath- 
mam? log, since every five cubic feet of air contain one cubic foot of 
oxygen. It is also calculated that two*wax or sperm candles 
absorb as much oxygen as an adult. 

To render the mt of a room perfectly pure, five cubic feet of fresh air per 
hour, for each person, and two and a half cubic feet fw each candle, should 
be allowed to pass in, and an equal quantity to pass out 

In what man- ^88. FroHi cvery heated substance, an up- 
Sf ^^brtiS^ ward current of air is continually rising. 



generate a cur- 
rent of air? 



Fig. 220. 




The existence and force of this upward current may be 

shown in the case of an ordinary stove, by attaching to the 

side of the pipe a wire on which a piece of thick paper cut in the form of a 

spiral is suspended, as is represented in Fig. 220. The 

upward current of hot air striking against the surfaces 

of the coil causes it to revolve rapidly around the wire. 

-^ , Apart from the consideration of con- 

Wny are stoves "^ 

and grates vemence, it IS necessary that stoves and 

fl^S?"®*' ^® grates, intended for warming, should be 
located as near to the floor of the room 

as possible ; since the heat of a fire has very little ef- 
fect upon the air of an apartment below the level of 

the surface upon which it is placed. 

-p, 589. When a fire is lighted in a stove 

smoke ascend or grate to warm a room, the smoke 

in a chimney ? ^^j ^^^^^ gaseous products of combus- 

Fi(j. 221. tion, b^ug lighter than the air of the room, 

ascend, and soon fill the chimney with a 
column of air lighter, bulk for bulk, than 
a column of atmospheric air. Such a col- 
umn; therefore, will have a buoyancy 
proportional to its relative lightness, as 
compared with the external air and the 
air of the apartment. 

The upward tendency of a column of 
heated air constitutes the draft of a chim- 
ney, and this draft will be strong and e£^ 
fective just in the same proportion as the 
column of air in the chimney is kept 
warm. 

Fig. 221 represents a section of a grate 
and chimney. C D represents the light 
and warm column of air within the chim- 
ney, and A B the cold and heavy column 
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of air outside the chimaej. The column A B being cold and heavy presses 
down, the column D being light and warm rushes up, and the greater the 
difference between the weight of these two columns, the greater will be the 
draft. 

A chimney quickens the ascent of hot air by keeping a long 
chimneyquick- column of it together. A column of two feet high rises, or is 
en the ascent pressed up, with twice as much force as a column of one 
hot air? foo^> ^"1^ SO in proportion for all other lengths — just as two 

or more corks, strung together and immersed in water, tend 
upward with proporUonably more force than a single cork. 

In a chimney where a <x)lumn of hot air one foot in height is one ounce 
lighter than the same bulk of external cold air, if the chimney be one hun- 
dred feet high,' the air or smoke in it is propelled upward with a force of one 
hundred ounces. 

To what is the ^^ *^® ^^^ ^^ Sufficiently hot, the draft of 
cWmney**V<^ the chimoey will be proportional to its length. 

portionai f p^^ ^yg reason, the chimneys of lai^ manu&cturing estab- 

lishments are generally very high. 

How should a A chimney should be constructed in such 
constrocted?^ a Way that the flue or passage will gradually 
contract from the bottom to the top, being widest at the 
bottom, and the smallest at the top. 

Why should a "^^^ reason of this will be evident from the following con- 

chimney be siderations : — ^At the base of the chimney, the hot column of 
S?s1^inMr?° expanded air fills the entire passage; but as the hot air 
ascends it graduallj^ cools and contracts, occupying less space. 
If, therefore, the chimney were of the same size all the way up, the tendency 
would be, that the cold external air would rush down to fill up the space left 
by the contraction of the hot column of air. This action would still further 
cool the hot air of the chimney and diminish the draft. 

Some persons suppose that a chimney should be made larger at the top than 
at the bottom, because a column of smoke ascending in the open air, ex- 
pands or increases in bulk as it goes up. This, however, is owing, in great 
part, to the action of currents in the air, and to the &ct, that a column of 
smoke freely exposed to the air, is more rapidly cooled than in a chimney, 
and losing its ascensienal power, tends to float out laterally, rather than 
ascend perpendicularly. 

The causes of " smoky chimneys" are various, 
circamstances* -^ chimney may smoke for want of a sufficient supply of 
will a chimney air. If the apartment is very tight, fresh air fit)m T^thout 
will not be admitted as fast as it is consumed by the fire, and 
in consequence a current of air rushes down the chimney to supply the defi- 
ciency, driving the smoke along with it. 

A chimney will often smoke when the heat of the fire is not sufficient to 
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rarefy all the air in the chimney ; in such cases the cold air (condensed in the 
upper part of the flue) will sink from its own weight, and sweep the ascend- 
ing smoke back into the room. 

When the fire is first lighted, and the chimney is filled with cold air, there 
is often no draft, and consequently the flame and smoke issue into the room. 
This, in most cases, is remedied by the action of a " blower." 

A blower is a sheet of iron that stops up the space abovo 
ofleofaSower? *^® S^ate bars, and prevents any air fiim entering the chim- 
ney except that whic^ passes through the foel and produces 
combustion. This soon causes the column of air in the chinmey to become 
heated, and a draft of coQsiderable force is q)eedily produced through the 
fire. The increase of draft increases the intenaty of the fire. 

Another frequent cause of smoky chimneys is, that when the tops are 
commanded by higher buildings, or by a hill, the wind in blowing .over them, 
&lls like water over a dam, and beats down the smoke. The remedy in such 
cases is, either to increase the height of the chimney, or to fix a bonnet or 
cowl upon the top. The philosophy of this last contrivance consists in the fact 
that in whatever direction the wind blows, the mouth of the chimney is 
averted from it. 

In a room artificially heated, there are al- 
motion of the wajs two currciits 01 air ; one oi not air now- 
Mttfidaiiyheat^ ing out of the room, and another of cold air 
flowing into the room. 

If a candle be held in the doorway of such an apartment, near the floor, it 

will be found tiiat the flame will be blown inward ; but if it be raised nearly 

to the top of the doorway, the flame wiU be blown outward. The warm air, 

in this case, flows out at the top^ while the cold air flows in at the bottom, 

„ ^ 590. An open fire-place differs greatly firom a close stove 

How does a . . ., . . t ^, « j 

Btove difler m respect to ventilation, inasmuch as the former warms and 

fire^ laro **^ to ^©ii*ilates an apartment, while the latter only warms> and can 
respect to yen- hardly be said to contribute at all to the ventilation. In a 
tiiation? ^j^g^ stove, no air passes through the room to the flue of 

the chimney, except that which passes through tiie fuel^ and the quantity 
of this is necessarily limited by the rate of combustion maintained in the 
stove. In an open fire-place^ a large amount of air is oontmoally rushing up 
the chimney through the opening over the grate, irre^^)ective of what passes 
through the fire and mountains combustion. 

In summer time, when no fire is made in the chimney, the column of air 
in it is generally at a higher temperature than the external air, and a current 
will therefore in such case be established up the chimney, so that the fire- 
place will still serve, even in the absence of fire, the purposes of ventilation. 
In very warm weather, however, when the external air is at a higher tem- 
perature than the air within the building, the effects are reversed ; and the 
air in the chimney being cooled, and therefore heavier than the external air, a 
downward current is established, which produces in the room tlie odor of soot 
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Why are open 
fire-places ill 
adapted for 
heaung f 



Fig. 222 represents the lines of the emronts descend- Eia. 222. 

ing the chimney and circulating round an apartment 

„ , A room is well ventilated by opening 

How is a room , . « . , • , 

best rentaat- the upper sash of a wmdow ; because 

^^^ the hot vitiated air (which always as- 

cends toward the ceiling) can thus escape more easily. 
If the lower sash of the window be also partially opened, 
a corresponding current of cold air, flowing into the 
room, is created, and ventilation will be so efifected more 
perfectly. 

Open fire-places are ill adapted for the 
economical heating of apartments, be- 
cause the airVhich flows from the room 
to the fire becomes heated, and passes 
off directly into the chimney, without having an oppor- 
tunity of parting with its heat for any useful purpose. 
In addition to this, a quantity of the air of the room, 
which has l>een warmed by radiation, is uselessly carried 
away by the draft 

The advantages of a stove over an 
^^nte^sind ^'P^'^ fire-place are as follows: 
disadvantages 1. Being detached fix)m the walls of 

the room, the greater part of the heat 
produced by combustion is saved. The radiated heat 
being thrown into tlie walls of the stove, they becdme hot, and in tarn radi- 
ate heat on all sides of liie room. The conducted heat is also received by 
successive portions of the air of the room, wluch pass in contact with the 
stove. 

2. The air being made to pass through the fuel, a small supply is suffi- 
cient to keep up the combustion, 80 that little need be taken out of the 
room; and 

3. The smoke, in passing off by a pipe, parts with the greater part of its 
heat before it leaves the room. 

Houses wanned by stoves, as a general rule, are ill-ventilated. The air 
coming in contact with the hot metal sur&ces is rendered impure, which im- 
purity is increased by the burning of the dust and other substances which 
settle upon the stove. ' The air is, in most cases also, kept so dry as to ren- 
der it oppressive, 

591. The method of wanning houses by the common hot- 
air furnace is as follows : — A stove, having large radiating sur- 
faces, is inclosed in a chamber (generally of masonry). This 
chamber is firequently built with double walls, that it may be 
a better non-conductor of heat. A current of air from with- 
out is brought by a pipe or box, and delivered under the stove. A part of 
this air is admitted to supply the combustion ; the rest passes upward in the 
cavity between the hot stove and the walls of the brick chamber, and, after 




What is the 
method of 
warming by 
hot-air fur- 
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becoming thoronghlj heated, is conducted through passages in which its light- 
ness causes it to ascend, and be delivered in any apartment of the house. 
Wbat two ^ *^® construction and arrangement of a furnace fat heat- 

points are of ing, the two points of special importance are^ to secure a per- 
S^lntteconl ^®^ combustion of the fuel, and the best possible transmissioa 
Bfcnictionoffar. of all the heat Ibrmed, into the air that is to pass into the 
"^•^^ ^ rooms of the house. 

The first of these requisites is obtained by having a good draft and a fire- 
box which is broad and shallow, so that the coal shall form a thin stratum 
and bum most perfectiy. 

The second requisite is obtained by providing a great quantity of sur&ce 
in the form of pipes, drums, or cylinders, through which the smoke and hot 
gases mu8t4)ass on their way to the chimney, and to which their heat will be 
imparted, to be in turn delivered to the cold and pure air of the rooms of 
the house. 

.^^^ 692. The great advantages of heating by steam are, that 

advantage of the heat can be communicated for a great distance in any di- 
^Smf ^^ rection — upward, downward, or horizontally. As the tem- 
perature of the heating surfaces, when low-pressure steam is 
used, never exceeds 212° P., the air in contact with them is never contami- 
nated by the burning of dust, or the abstraction of oxygen. 

Under favorable circumstances, one cubic foot of boiler will heat about 
two thousand cubic feet of suitably inclosed space to a temperature of "ZO® to 
80° P. 

-^ ^ .. 593. We apply the term fuel to any sub- 
stance which serves as aliment or food for fire. 
In ordinary language we mean by fuel the peculiar sub- 
stance of plants, or the products resulting from their de- 
composition, designated under the various names of wood, 
coal, &&. 

.^^ ^ In recently cut wood, firom one fifth to one half of its weight 

tion o? ^^Q is water ; after wood has been dried in the air for ten or 

weight of wood twelve months, it will even then contain finom 15 to 25 per 
is water? ' 

cent, of water. 

The amount of moisture in wood is greatest in the spring and summer, when 
the sap flows freely and the influence of vegetation is the greatest Wood, 
therefore, is generally cut in the winter, because at that season there is but 
little sap in the tissues, and the wood is drier than at any other period- 
Woods are designated as hard and soft. This distinction is 
dl^Ited^^^^s" grounded upon the faciUty with which tiiey are worked, and 
hard and soft ? ypQ^ ^q[y power of producing heat. Hard woods, as the 
oak, beech, walnut, elm, and alder, contain in the same bulk more solid fiber, 
and their vessels are narrower and more closely packed than those qf \hQ 
softer kinds, such as pine, larch, chestnut, etc. 

12 
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What i« the 594 The weight of wood varies greatly ; 
w^to?woodr fro°^ forty-four hundred pounds in a cord of 
dry hickory, to twenty-six hundred in a cord 
of dry, soft maple. 

What i» the 595. For fuel, the most valuable of the com- 
Si2rS**^rood ^^^ kinds of wood are the varieties of hickory; 
for fuel? Q^ftey ihsLtj in order, the oak, the apple-tree, 

the white-ash, the dog-wood, and the beech. The woods 
that give out the least heat in burning are the white-pine, 
the white-birch, and the poplar. 

T- 14 .^«4.Ki. 596. The remark is sometimes made that " it is economy to 
!■ It prontaoie ,,,,,« 

to bum green burn green wood, because it is more durable, and th^refiore 
▼ood? jjj ^Ylq end more cheap." This idea is erroneous. The con- 

sumption of green wood is less rapid than dry, but to produce a given amount 
of heat, a &r greater amount of fuel must be consumed. 

The evaporation of liquids, or their conversion into steam, consumes or ren- 
ders latent a great amount of caloria When green wood or wet coal is added 
to the fire, it abstracts fix>m it by degrees a sufiQcient amount of heat to con- 
vert its own sap or moisture into steam before it is capable of being burned. 
As long as any considerable part of this fluid remains unevaporated, the 
combustion goes on slowly, the fire is dull, and the heat feeble. 
Wh eosl ^^'* ^^^ "*^ ^"^ wood are not readily ignited by the 

and hardwoods blaze of a match, because on account of their density they are 
nite*^" with *^a rendered comparatively good conductors, and thus carry off 
match? the heat of the kindling substance, so as to extinguish it^ 

before they 'themselves become raised to the temperature 
necessary for combustion. 

Light 4101, on the contrary, being a slow conductor of heat, kindles easily, 
and, from the admixture of atmospheric air m its pores and crevice^ barnB 
out raiadly, producing a comparatively temporary, though often strong heat 



CHAPTER XIIL 

METEOROLOGY. 



What is Me- ^98. METEOROLOGY is that department of 
teoroiogyf physical science which treats of the atmos- 
phere and its phenomena, particularly in its relation to 
heat and moisture. 

599. By climate, we mean the condition of a place in 
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What do we relation to the various phenomena of the at- 
fc^dkLt^* mOsph'ere, as temperature, moisture, etc. Thus, 
we speak of a warm or cold climate, a moist 
or dry climate, etc. 

How i» the 600. The mean or average temperature of 
S£J?rtf*JXy *^® ^^y ^s found by observing the thermometer 
found? ^^ &xed intervals of time during the twenty- 

four hours, and then dividing the smn of the tempera- 
tures by the number of observations. 

A., -u ^ M^ From such a series of observations it has been found that 

At wbM tixne 

}> the texnpe- the lowest temperature of the day occurs shortly before sun- 

Si^^uLh^ rise, and the highest a few hours after 12 at noon, somewhat 

and lowest? later in summer and somewhat earlier in winter. 

The mean annual temperature of any par- 
ticular location is found by taking the average of all the 
mean daily temperatures throughout the year. 

The mean daily temperature of any place seems to yary in a regular and 
constant manner, while the mean annual temperature of the same location is 
yery nearly a constant quantity. Thus, by long obseryations made in Phil- 
adelphia, it has been found that the mean daily temperature of that locality is 
one degree less than the temperature at 9 o'dodc, a. m., at the same plaoe ; 
while the mean annual temperature of Paris yaried only 4P in thirteen years. 

An the results of obseryation seem to show that the same quantity of heat 
is always annually distributed oyer the earth's surface, although unequally — 
that is to say, the ayerage annual temperature of each place upon the earth's 
surface is yery nearly the same. In our latitude, July is on the ayerage the 
hottest month, and January the coldest ; and in reference to particular days, 
we may on an average consider the 26th of July as the hottest, and the 14th 
of January as the coldest day of the year for the temperate zone of the north- 
em hemisphere. 

Ho^doestem- Tho average annual temperature of the at- 
?SS*"tiS> ^ mosphere diminishes from the equator toward 
*"^«' either pole. 

At the equator, in Brazil, the ayerage annual temperature is 84^ Fahren- 
heit's thermometer ; at Calcutta^ lat 22° 35' N., the annual temperature is 
V80 F. ; at Sayannah, lat. 32° 6' N. the annual temperature is 65° P. ; at 
London, lat 51° 31' N., the annual temperature is 50° P.; at Helyille 
Island, lat 74** 47' N., the ayerage annual temperature is 1° below zero. 

_- , ^ ^^ 601. If the whole surface of the earth were covered by 

Whyisnotthe .„. „ . , - ,. i , , ^ . 

tempermture of water, or if it were all formed of sohd plane land, posseesmg 

iuK^^^B* sa*^" everywhere the sam^ character, and haying an equal ca- 
latttod* alike t pacity at all places for absorbing and again radiating heat, the 
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temperatare of a place would depend only on its geographical latitude, and 
consequently all places having the same latitude would have a like dimatei 
Owing, however, to various disturbing causes, such as the elevation and form 
of the land, the proximity of the sea^ Hie direction of the winds, etc., places 
of the same latitude, and comparatively near each other, have veiy difEerent 
temperatures. 

In warm climates the proximity of the sea tends to diwiiniah the heat ; in 
cold climates, to mitigate the cold. Islands and peninsulas are wanner than 
continents ; bays and inland seas also tend to raise the mean temperature. 
Chains of mountains which ward o£f cold winds, augment the temperature ; 
but mountains which ward oflf south and west winds, lower it A sandy soil, 
which is dry, is warmer than a marshy soil, which is wet and subject to great 
evaporation. 

602. Air absorbs moisture at all tempera-* 
capacity of air tures^ and retains it in an invisible state. \ 

or m ure r£i|^jg power of the air is termed its capacity i 

for absorption. I 

The capacity of air for moisture increases with the tern-* 
perature. 

A volume of air at 32^ can absorb an amount of moisture equal to the hun- 
dred and sixtieth part of its own weight, and for every 2*7 additional degrees 
of heat, the quantity of moisture it can absorb at 32^ is doubled. Thus a body 
of air at 32<> f . absorbs the 160th part of its own weight ; at 59^ F., the 80th ; 
at 86^ F., the 40th ; at 113<> F., the 20th part of its own weight in mcHsture. 
It follows finom this that while the temperature of the air advances in an arith- 
meticai series^ .its capacity for moisture is accelerated in a geometrical series. 

When is air -^-ir is Said to be saturated with moisture 
nSd?^ ■**"' when it contains as much of the vapor of water 
as it is capable of holding with a given tem- 
perature. 

We say that air is dry when water evaporates quickly, or any wetted sur- 
face dries rapidly ; and that it is damp when moistened surfaces dry slowly, 
or not at all, and the slightest diminution of temperature occasions a deposit 
of moisture in the form of mist and rain. These expressions do not, however, 
convey altogether a correct idea of the condition of the atmosphere, since air 
which we term " dry," may contain much more moisture than that which wo 
distinguish as " damp." For indicating the true condition of the atmosphere 
in reference to moisture, wo therefore use the terms " absolute" and " relative" 
humidity. 

When we speak of the absolute humidity of the air, wo 

by^bsoiote^nd ^^^ reference to the quantity of moisture contained in a given , 

relative humid- volume. By relative humidity, we refer to its proximity to 

^ saturation. Relative hugaidity is a state dependent upon the 

mutual iafiuenco of absolute humidity and temperature ; for a given volume 
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cf air may be made to pass from a state ef dampneas to one of extreme diy* 
nessy by merely elevating its temperature, and tbis, too^ without altering the 
amoant of moisture it contains in the least degree. 
What are Hy- Instruments designed for measuring the 
grometers? quantity of moisture contained in the atmos- 
phere, are called Hygrometers.* 

... . Many orgaj;uc bodies have the property of absorbing vapor, 

principle are and thos increasing their dimensions. Among such may be 
oo^tieted? mentioned hair, wood, whalebone, ivory, etc Any of these 
connected with a mechanical arrangement by which the 
change in volume might be registered, would furnish a hygrometer. 

A large sponge, if dipped in a solution of salt, potash, soda, or any other 
Bobstanoe which has a strong attraction for water, and then squeezed almost 
dry, vnll, upon being balanced in a pair of scales suspended from a steady 
support, be found to preponderate or ascend according to the relative damp- 
ness or dryness of the weather. 

The beard of the wild oat may also serve as a hygrometer, as it twists 
around, during atmospheric changes from dampness to dryness. 

K we fix against a wall a long piece of catgut, and hang a weight to the 
end of it^ it wiU be observed, as the air becomes moist or dry, to alter in 
length ; and by marking a scale, the two extremities of which are determined 
by observation when the air is very dry, and when it is saturated with moist- 
ure, it will be found easy to measure the variations. 

^ ^v ^1. Aninstrument'calledthe"HairHygrom- 

Describe the ^ „ . _^ ^ -, x. . . . , -r^ 

" Hair Hy- eter," IS constructed upon this pnnciple. It 

grometer." consists of a human hair, fiEustened at one 

extremity to a screw (see Fig. 223), and at the other pass- 
ing over a pulley, being strained tight by a silk thread and _ 
weight, also attached to the pulley. To the axis of the 
pulley an index is attached, which passes over a gradnated 
scale, so that as the pulley turns, through the shortening or 
lengthening of the hair, the index moves. When the in- 
strument is in a damp atmosphere, the hair absorbs a con- 
siderable amount (rf' vapor, and Is thus made longer, while 
in dry air it becomes shorter; so that the index is of 
course turned alternately from one side to the other. 

The instrument is graduated by first placmg it in air ar- 
tifidally made as dry as possible, and the pomt on the 
scale at wliich the index stops under these circumstances, 
is the point of greatest dryness, and is marked 0. The 
hygrometer is then placed in a confined space of air, which 
is completely saturated with vapor, and under these cir- 
eurastanoes the index moves to the other end of the scale : 
this point, which is that of greatest moisture, is marked 

* Hygrometerj from the Greek words vypos (moist) and iisrp>v (measure). 
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100. The intervening space is th«i divided into 100 equal parts, 'wiiich 
indicate different degrees of moisture. 
Such hygrometers are not, however, considered as altogether reliable. 

SECTION I. 

PHENOMENA AND PBODUOTION OF DEW. 

«n. *. T^ • 603. Dew is the moisture of the air con- 

vv oat IB vew r ,. •«it« 

densed by coming m contact with bodies colder 
than itself 

What iB the 604. The temperature at which the conden- 
Dew.point? gatiott of moisture in the atmosphere com- 
mences, or the degree indicated by the thermometer at 
which dew begins to be deposited, is called the " Dew- 
Point/' 

j^ ^^ . This point is by no means constant or invariable, since dew 

point a con- is only deposited when the air is saturated with vapor, and 
stant one? ^j^q amount of moisture required to saturate air of high tem- 

perature is much greater than au* of low temperature. 

If the saturation be complete, the least dimmution of temperature is at- 
tended with the formation of dew ; but if the air is dry, a body must be 
several degrees colder before moisture is deposited on its sur&ce ; and indeed 
the drier the atmosphere, the greater will be the difference between the tem- 
perature and its dew-point. 

Dew may be produced at any time by bringing a vessel of 
producSon*of ^^^ water into a warm room. The sides of the vessel cool 
dew be occa- the surrounding air to such an extent that it can no longer 
time? ^ ^°^ retain all its vapor, or, in other words, the temperature of the 
air is reduced below the dew-point ; dew therefore forms upon 
the vessel A pitcher of water ynder such circumstances is vulgarly said to 
"sweat" 

In the same manner, moisture is deposited upon the windows of a heated 
apartment when the temperature of the external air is low enough to suffi- 
ciently cool the glass. 

_. . . As soon as the sun has set in summer, and the earth is no 

formed in sam. longer receiving new supplies of heat, its sur&oe begins to 
mer after son. throw off the heat which it has accumulated during the day 
by radiation ; the air, however, does not radiate its heat, and, 
in consequence, the different objects upon the earth's sur&ce are soon cooled 
down from 7 to 25 degrees below the temperature of the air. The warm 
vapor of the air, coming in contact with these cool bodies, is condensed and 
precipitated as dew. 

tn a clear summer's night, when dew is depositing, a thermometer laid 
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upon the grass, wi& smk nearly 20 degrees below one suspended in the air 
at a little distance abova 

_ hat b. '^ bodies have not an eqnal capacity for radiating hea^ 
is dew but some cool much more rapidly and perfectly than others. 



g^os^d mort Hence it follows, that with the same exposure, some bodies 
will be densely covered with dew, whQe others will remain 
perfectly dry. 

Grass, the leaves of trees, wood, eta, radiate heat very freely : but polished 
metals, smooth stones, and woolen doth, part with their heat slowly: the 
fiNrmer of these substances will therefore be completely drenched wi^ dew, 
while the latter, in the same situations, will be almost dry. 

The surfaces of rocks and barren lands are so compact and hard, that they 
can neither absorb nor radiate much heat ; and (as their temperature varies 
but slightly) very little dew deposits upon them. Cultivated soils, on the 
contrary (being loose and porous) very freely radiate by night the heat which 
they absorb by day; in consequence of which they are much cooled down, 
and plentifully condense the vapor of the air into dew. Such a condition 
of things is a remarkable evidence of design on the part of the Creator, 6ince 
eveiy plant and inch of land which needs the moisture of dew is adapted to 
collect it; but not a single drop is wasted where its refreshing moisture is not 
re<]tdred. . , 

605. Dew is deposited most freely upon a calm, dear nighty 
■tenees infln- since Under such circumstances heat radiates from the earth 
dA^<m of deirr ™^ freely, and is lost in space. On a doudy night, on the 
contrary, the depoation of dew is almost entirely interrupted, 
since the lower shrfiuies of the douds turn back the rays of heat as they 
radiate^ or pass o£f from the earth, and prevent their dispersion into space ; 
the surface of the earth is not, therefore, cooled down suffidently to chill the 
Yopor of the air into dew. 

When the wind blows briskly, also, little or no dew is fi>rmed, smoe warm 
air is constantly brought into contact with solid bodies, and prevents their re- 
duction in temperature. 

Can detr be ^^^ ^^ always formed upon the surface of 
go^ijrnidto ^jj^ material upon which it is found, and does 
not fall from the atmosphere. 

Other things being equal, dew is most abundant in situations most exposed, 
because the radiation of heat is not arrested by houses, trees, eta Little dew 
is ever observed in the streets of dties, because the objects are necessarily 
exposed to each other's radiation, and an interchange of heat takes place^ 
whidi maintains them at a temperature uniform with the air. 
Does dew form ^®^ rarely ftjls upon the sar&ce of water, or upon ships 
upon the but- in mid-ocean. The reason of this is, that whenever the 
ftce of water f aqueous partides at the surface are cooled, they become heavier 
than those bdow them, j^nd sink, while warmer and lighter particles rise to 
the top. These, in their turn, become heavier, and descend ; and this pro- 
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eess, oontintiing throaghont the night, maintains the sar&oe of the water and 
the air at nearly the same temperature. 

Although dew does not appear upon ships in mid-ocean, It is freely depos- 
ited on the same vessels arriving in the vicinity of land. Thus, navigators 
who proceed from the Straits of Sunda to the Coromandel coast, know that 
they are near the end of the voyage when they perceive the ropes, sails, and 
other objects placed on the deck become moistened with dew duiing the 
night 

The exposed parts of the human body are never covered with dew, becanse 
tlio vital temperature, varying from 96® to 98° F., effectually prevents a loss 
of heat sufficient for its deposition. 

Dew is produced most copiously in tropical cotmtries, because there s in 
such latitudes the greatest difference between the temperature of the day and 
that of the night The development of vegetation is also greatest in tropical 
countries, and a great part of the nocturnal cooling is due to the leaves which 
present to the sky an immense number of thin bodies, having large sur&ce, 
well adapted to radiate heat 

Dew rarely Mis upon the small islands of -the Pacific; the reason is, that 
the air over the vast ocean in which these islands are situated, preserves a 
nearly uniform temperature day and n^ht The islands are comparatively 
of small extent, and the stratum of air .cooled, by the contact of the soil is 
warmed by mixing with the air that is constantly reaching it from the sea. 
This prevents a depression of temperature in the air sufficient to cause a depo- 
sition of dew. 
What is frost? 606. Frost is frozen dew. 

When the temperature of the body upon which the dew is 
deposited sinks below 32*^ F., the moisture freezes and assumes a solid form, 
constituting what is called ^^ frosty 

Shrubs and low plants are more liable to be injured by frost than trees of 
a greater elevation, since the air contiguous to the surface of the ground is the 
most reduced in temperature. 

wh7 does a ^^ exceedingly thin covering of muslin, 
pro^tect'^jStf matting, etc., will prevent the deposition of 
frort?^^'' ""^ ^®^ ^^ ^^^^^ upon an object, since it prevents 
the radiation of heat, and a consequent cool- 
ing sufficient to occasion the production of either dew or 
frost. 

Fig. 224, in which the arrows indicate the movements of heat, and the 
numerals the temperatures of the earth and air under different circumstances, 
will render the explanations of the phenomena of dew and frost more in- 
telligible. 

The figures in the middle of the diagram represent the temperature of the air 
at a distance from the surface of the earth ; the figfupes in the margin, the 
temperature of the air adjoining the sur&ce of the earth ; the figures below 
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the margin, the temperature of the earth itselfl The directions of the arrows 
represent the radiation and reflection of the heat 

Fia. 224. 




Sorlaoeof 
the earth, 69'. 


4V. 1 S2-. 
Dew. 1 Fro6tb 


68-. 
No dew or frost 


41'. 
No dew or frost 


In the day- 
time. 


In dear and serene 
nights. 


Cloudy or windy 
nights. 


Clear night; 
soil protected. 



What are 
cloads? 



SECTION II. 

CLOUDS, RAIN, SNOW, AND HAIL. 

607. Clouds consist of vapor evaporated from 
the earth, and partially condensed in the 
higher regions of the atmosphere. 

HowismiBtor When air, saturated with vapor, in imme- 
fogoccasioned? ^jg^^^ coutact with the surface of the earth is 
cooled down rapidly, its vapor is condensed ; if the con- 
densation, however, is not sufficient to allow of its precipi- 
tation in drops, it floats above the surface of the earth as 
mist or fog. 

Howdodoads, Clouds, fog, aud mist differ only in one re- 
fo^and mist gpect. Clouds float at an elevation in the air, 
while fogs and mists come in contact with the 
surface of the earth. 

Mist and fog are also formed when the water of lakes and rivers, or the 
damp ground, is warmer than the surroimdipg air which is saturated with 
moisture. The vapors which rise in consequence of the higher temperature 
of the water, are immediately recondensed, as soon as they diffuse themselves 
through the colder air. 

Mist and fog are observed most frequently over rivers and marshes, be- 
cause in such ^tuations the air is nearly saturated with vapor, and therefore 

12* 
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the least depresaion of temperature will compel it to relinqaish some of its 
moistore. 

,^ , ,^ The moisture contained in the air We expel from the lungs 

mototnre of m the process of respu-ation, is visible m wmter, but not in 
ibte^to*irtnter summer. The reason of this is, that in cold weather the yapor 
and not in IS condensed by the external air, but in summer the tempera- 
sammer ? ^^jyg ^^ ^j^q ^ jg ^^^ sufficiently reduced to effect condensation. 

In irhai man- I>iiring the daily process of evaporation froni the surfece of 
ner areoloada the earth, warm, humid currents are continually ascending; 
formed? ^^^ higher they ascend, the colder is the atmosphere into 

which they enter; and as they continue to rise, a point will at lengtl^be 
attained where, in union with the colder air, their original humidity can no 
longer be retained : a cloud will then appear, which increases in bulk with 
the upward progress of the current into colder regions. 

To a person in the valley, the top of a mountain may seem enveloped inm 
clouds ; while, if he were at the summit, he would be surrounded by a mist, 
or fog. 

, . The reason why douds, which are condensed vapor, float 

float ill the at- in the atmosphere is, that they consist of very minute glob- 
mosphere? ^jjgg (called vesicles), which, although heavier than the sur- 

rounding air, have a great extent of surface in comparison with their weight. 
On account of the resistance of the air, they sink very slowly, as a soap- 
bubble, which greatly resembles these vesicles, sinks but slowly in a calm 
atmosphere. As these vesicles do, however, gradually sink, the question 
arises, why do not the clouds &11 to the ground ? The explanation of this Is^ 
that the vesicles which sink in calm weather can not reach the ground, be- 
cause in their descent they soon meet with warmer strata of air which are not 
saturated with moisture, where they again dissolve into vapor and are lost to 
view : at the same time that the vesicles of vapor dissolve at the lower limits 
of the douds, new ones are formed above, and thus the cloud i^pears to float 
immovably in the air. 

When the atmosphere is agitated, the vesides of vapor constituting douds 
are driven hi the direction of the currents of air. A wind moving in a hori- 
zontal direction will carry the douds in the same direction ; and an ascend- 
ing current of air will lift them up, as soon as its velocity becomes greater 
than the velodty with which the vesides would fall to the ground in a calm 
condition of the air. In like manner, soap-bubbles are elevated by the wind 
and carried to conaderable distan^s. 

Ho do • ds Clouds frequently appear and disappear with a change in 
affect the the durection and character of the wmd. Thus, if a cold wind 
clouds? blows suddenly over any region, it condenses the invisible va. 

por of the air into cloud or rain ; but if a warm wind blows over any region, 
it disperses the douds by absorbing their moisture. 

The average height at which douds float above the sur&ce 
•rerage height ^^ *^® earth in a calm day, is between one and two miles, 
pf douds? Light, fleecy douds, however, sometunes attain an elevation 

of five or six miles. 



CLOUDS^ BAIN, SNOW, AND HAIL. 275 

WkAtooeadoiM When dotids are not oontixmons over fhe whole smftoe of 
wd iirok«milp^ the sky, various curcomstanoes contribute to give them a 
peftnnce of rough and uneven appearanoe. The rays of the son fidling 
upon different gur&ces at different angles, melt away one set 
of elevations and create another set of depressions ; the heat also^ which is 
liberated below in the process of condensation, the currents of warm air 
escaping from the earth, and of cold air descending from above, all tend to 
keep the clouds in a state of agitation, upheaval, and depression. Under 
these influences, the masses of condensed vi^r composing the douds are 
caused to assume all manner of grotesque and fimciful shapes. 

The shape and position of clouds is also undoubtedly inflneooed in a con- 
siderable degree by their electrical condition. 

„_, , , Clouds are frequently seen to coUect around 

Whjdodoudi . , t .1 1 • 

frequently ooi. mountaiu peaks^ when the atmosphere else- 
raoaniBiB whero is clear and free from. clouds. This is 

caused by the wind impelling up the sides of 
the mountains the warm, humid air of the valleys, the 
moisture of which, in its ascent, gradually becomes con- 
densed by cold, and appears as a cloud. 
Hoir man ^^^' C^louds are generally divided into four 
i^ra^^^f great classes, viz. : the Cirrus, the Cumulus, 

the Stratus, and the Nimbus. 
SS^doud? ^^^ Cirrus* cloud consists of very delicate 

tfajn streaks, or feathery filaments, and is 
usually seen floating at great elevations in the sky during 
the continuance of fine weather. 

It is highly probable that the cirrus doud, at great eleTationSi does not con- 
sist of vesicles of mist, but of flakes of snow. 
Fig. 225, 0, represents the appearance of this variety of doud. 

What is the ^^6 Cumulusf cloud consists of large round- 
Giimiiiiudoadr cd masscs of vapor, apparently resting upon 
a horizontal basis. When lighted up by the sun, cu- 
mulus clouds present the appearance of mountains oi 
snow. 

The cumulus is especially the cloud of day, and its figure is most perfect 
during the fine, warm days of summer. 

Fig. 225, b, illustrates the appearance of the cumulus doud. 

These clouds appear in greatest number at noon, on a fine day, but disap- 
pear as evening approaches. The explanation of this is, that at noon the cur- 

* 2^m the Latin word ebrus^-a. lock of hair, or curL 
t From the Latin word cu«ntilf«8— « mass, or pile. 
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rents of warm air ascending from the earth are more buoyant, larger, and riso 
higher, and when condensed, form large masses of clouds, each of wbidi may 
be considered as the capital of a column of air, whose base rests upon the earth. 
As the heat of the sun diminishes in the afternoon, the strength of the cur- 
rents abate, the clouds, which are buoyed up by their force, sink down into 
warmer regions of the atmosphere, and are either partially or wholly dia- 
Bolved. 

Fm. 225. 




Cirrus, a; Gumnlus, b; Stratus and Nimbus, c. 



The rounded figure of the cumulus has been attributed to its method of 
formation ; for when one fluid flows through another at rest, the outline of 
the figure assumed by the first will be composed of cui^ved lines. This fact 
may be shown, and the appearance of the cumulus imitated, by allowing a 
drop of milk or ink to fall into a glass of water. The ^ume thing is also 
seen in the shape of a cloud of steam as it issues fi-om tho boiler of a loco- 
motive. 
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What is the The Stratus,* or stratified cloud, consists 
stratuB cloud? ^f horizontal streaks, or layers of vapor, which 
float like a veil at no very great elevation from the surface 
of the earth. They frequently appear with extraordinary 
brilliancy of color at sunset. 

'iTio appearancje of tho stratus is represented at c," Fig. 226. 

What is the The Nimbus, or the cloud of rain, has no 

Nimbas? characteristic form. It generally covers the 

whole horizon, imparting to it a bluish black appearance. 

The varioQs forms of doads gradually pass into each other, so that it is 
often difi&colt to decide whether the appearance of a cloud approaches more 
to one type than another. The intermediate forms are sometimes designated 
as cirro-stratiiSy cirro-camulus, and cnmulo>8tratus. 

609. Rain is the vapor of the clouds or air 
condensed and precipitated to the earth in drops. 
How is rain Rain IS generally occasioned by the union of 
occasioned? ^^^ ^j, moro volumcs of humid air, differing 
considerably in temperature. Under such circumstances, 
the several portions in union are incapable ol absorbing the 
same amount of moisture that each could retain il* they 
had not united. The excess, if very great, falls as rain ; 
if of slight amount, it appears as cloud. 
Upon what law 610. The law upou which thc condeusatiott 
Sn^S^X of vapor and the formation of rain depends is, 
P^^' that the capacity of the air for moisture de- 

creases in a greater ratio than the temperature. 

611. Rain falls in drops, because the vesicles of vapor, in 
^STin^droDs? **^®*^ descent, attract each other and merge together, thus 
forming drops of water. The size of the drop is increased in 
proportion to the rapidity with which the vapors are condensed. 

In rainy weather the clouds fell toward the earth, for the reason that they 
are heavy with partially-condensed vapors, and the air, on account of its 
diminished density, is less able to buoy them up. 

612. The quantity of rain falling at any one time or 
place, is measured by means of an instrument called a 
" Kain-Guage.'' 

This usually consists of a tin cylindrical vessel, M, Fig. 
^R^f^Gaa-^^ 226, the upper part of which is closed by a cover, B, in the 
shape of a fimnel, with an aperture in its center. The water 
♦ Stratus, from tho Latin stratus—ih&l which lies low in the form of a bed or layer. 
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Eia. 226. fiilling upon the top of 

the cylinder flows into 
the interior through 
the opening, and i 
thus protected from 
evi^xMratioQ. From the 
base of the appara- 
tus a graduated glass 
tube, A, ascends, in 
whidi the water 
rises to the same 
height as in the in- 
terior of the cylinder. 
Supposing the apparatus to be placed in an exposed ratuation, and at the end 
of a month, for example, the height of the water in the tube is five inches: 
this would indicate that the water in the cylinder had attained to an equal 
elevation, and consequently that the rain which had &llen during this inter- 
val, would, if not diminished by evaporation or infiltration, cover the eaith to 
the depth of five inches. 

1 hat Bitu - ®^^* ^"^ ^^ ™°®* abundantly in countries near the equa- 
tions is rain tor, and decreases in quantity as we approach the poles, 
most abundant? There are more rwny days, however, in the temperate zones 
than in the tropics, although the yearly quantity of rain falling in the latter 
districts is much greater than in the former. 

In the northern portions of the United States, there are on an average about 
134 rainy days in a year ; in the Southern States the number is somewhat 
less, being about 103. 

The reason why it r«dns more frequently in the temperate zones than in the 
tropics is because, the former are regions of variable winds, and the tempe- 
rature of the atmosphere changes often ; wiiile in the tropics tiie wind changes 
but rarely, and the temperature is very constant throughout a great part of 
the year. In the tropics the year is divided into only two seasons, the wet, 
or ramy, and the dry season. 

What is the ^he average yearly fall of rain in the tropics 
JSKdiffereSt is ninety-five inches ; in the temperate zone 
countries? ^^ly thirty-fivc. 

The greatest rain-fall, however, is precipitated in the shortest time. Ninety- 
five inches fall in eighty days on the equator, while at St Petersburg the 
yearly rain-fall is but seventeen inches, spread over one hundred and sixty- 
nine days. Again, a tropical wet day is not continuously wet The morn- 
ing is clear ; clouds form about ten o'clock ; the rain begins at twelve, and 
pours till about half past four ; by sunset the clouds are gone, and the nights 
are invariably fine. 

The depth of rain which falls yearly in London is about twenty-five inches ; 
but at Vera Cruz, in the Gulf of Mexico, rain to the amount of two hundred 
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And seventy-eight incbea is precipitated. The explanation of this is to be 
fi}una in the peculiar location of the city, at the foot of lofty mountainsy whose 
Bumouts are covered with perpetual snow ; against these the hot, humid air 
from the sea is driven by the winds, condensed, and its excess of moisture 
precipitated as rain. 

614. Some countries are entirely destitute of rain ; in a part of Egypt it 
never rains, and in Peru it rains once, perhaps, in a man's lifetime. Upon 
the table-land of Mexico, in parts of Guatemala and California, rain is very 
rare. But the most extensive rainless districts are those occupied by the 
great desert of Africa, and its continuation eastward over portions of Arabia 
and Persia to the interior of Central Asia, over the great desert of Gobi, the 
table-land of Thibet, and part of Mongolia. These regions embrace an area 
of five or six millions of square miles that never experience a shower. 

The cause of this scarcity is to be sought for in the peculiar conformation 
of the country. 

In Peru, for example, parallel to the coast, and at a short distance from the 
sea, is the lofty range of the Andes, the peaks of which are covered with 
perpetual snow and ice. The prevailing wind is an east wind, sweeping from 
the Atlantic to the Pacific across the continent of South America. As it ap- 
proaches the west coast, it encounters this range of mountains, and becomes 
so cooled by them that it is forced to precipitate its moisture, and passes on 
to the coast almost devoid of moisture. In Egypt and other desert countries, 
the dry sandy plains heat the atmosphere to such an extent that it absorbs 
moisture, and precipitates none. 

On the other hand, there are some countries in which it may be said to 
always rain. In some portions of Guiana, in South America, it rains for a 
great portion of the year. The fierce heat of the tropical sun fills the atmos- 
phere with vapor, which returns to the earth again in constaut showers as 
the cool winds of the ocean flow in and condense it 

Whftt ifl th ^^^* ^^® whole quantity of water annuaUy precipitated as 

whole esti- rain over the earth's sur&ce is calculated to exceed seven 
"***** y®*'?y hundred and sixty millions of tons. This entire amount is 
i»la? raised into the atmosphere solely by evaporation. It has been 

also calculated, that the daily amount of water raised by 
evaporation from the sea alone, amounts to no less than one hundred and 
sixty-four cubic miles, or about sixty thousand cubic miles annually. 

During the months of October and November, the daily amount of evapo- 
ration from the surface of the ocean, between the Cape of Good Hope and 
Calcutta, is known to average three quarters of an inch from the whole 



What curious "^^ amount of moisture constantly present in the atmos- 
inflaenees are phere of any country, exercises an important influence upon 
fiS^rfrtJrJS *^® physical system of the inhabitants, and upon their arts 
the atmosphere r and professions. The atmosphere of the northern United 
States is uncommonly diy, much more so than in England or 
Germany. To this in a great measure is owing the difference in the physical 
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appeaninoe of the inhabitanta of these respectlTe cotmtriefl. Painters find that 
their work dries quicker, also, in New England than in central Europe. 
Cabinet-makers in the United States are obliged to use thicker glue, and 
watchmakers animal instead of vegetable oiL Pianos are rarely imported fitnn 
Europe into the United States, because the difiference in the climate of these 
two countries is so great, as respects moisture, that the Ibreign instnunentB 
shrink, and quickly beoome damaged. 

whatjisnowf 616. Suow ifl the condenfled vapor of the air, 
frozen and precipitated to the earth. 

How is mow ^^ knowledge in respect to the formation of snow in the 
probably fonn- atmosphere is veiy limited. It is probable that tlie clouds in 
•*' which the flakes of snow are first formed, consist^ not of vesi- 

cles of Taper, but of minute crystals of ice, which by the continuous condens- 
ation of vapor become larger and form flakes of snow, w^iidi continue to 
increase in size as they descend through the air. 

When the lower regions of the air are sufficiently warm, the flakes of snow 
melt before Ihey reach the ground ; so that it may rain below, while it snows 
above. 

The largest flakes of snow are formed when the air abounds witb vapor, 
and the temperature is about 32^ F. ; but as the moisture diminishes, and the 
cold increases, the snow becomes finer. 

In extreme cold weather, when a volume of cold air is suddenly admitted 
into a room, the air of which is saturated with moisture, it sometimes hsp- 
pens that the vapor of the room will be condensed and fix>zen at ihe same 
instant, thus producing a miniature Ml of snow. 

_. . . ,. 617. On examining a snow-flake beneath a microscope, it is 

physical com- found to consist of regular and symmetrical crystals, having a 

These crystals also exist in ice, but are so blended together 
that their symmetry is lost in the compact mass. 

The crystals of snow may, under favorable circumstances, be seen with 
the naked eye, by placing the flake upon a dark body cooled below 32° F. 
Fig. 227 represents the varied and beautiful forms of snow ciystals. 

The bulk of recently-fallen snow is ten or twelve times greater than that 
of the water obtained by melting it 

618. Hail is the moisture of the air frozen 

What is HaU? . . ^ . 

into drops oi ice. 
Can the phe- ^^^ phenomenon of hail has never been satisfactorily ex- 
nomenonofhaU plained. It is difficult to conceive bow the great cold is pro- 
satisfaSortiy f duced which causes the water to freeze under the circum- 
stances, and also how it is possible that the hail-stones, after 
having once become sufficiently large to fell by their own weight, can yet 
remain long enough in the air to increase to so considerable a size as is 
sometimes seen. A hail-storm generally lasts but a few minutes, very sel- 
dom as long as a quarter of an hour; but the quantity of ice which 
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escapes from the clouds in so short a time is rery great, aad 
been observed to &U of a weight of 10 or 12 ounces. 

Eia. 22*7. 
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have 




619. Hail-stones are generally pearshaped, and if they are divided throngb 
the center, they wiU be found to be composed of alternate layers (^ ice and 
snow, arranged around a nucleus, like the coats of an onion. 

Hail-storms occur most frequently in temperate dimates, and rarely within 
the tropics. They occur most frequently in northern latitudes, in the vicinity 
of high mountains, whose peaks are always covered with ice and snow. The 
south of France, which lies between the Alps and Pyrenees, is annually rav- 
aged by hail ; and the damage which it causes yearly to vineyards and stand- 
ing crops has been estimated at upward of nine millions of dollars. 



SECTION III. 
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620. Wind is air put in motion. The air is 
never entirely free from motion, but the ve- 
locity with which it nioves is perpetually varying. 

621. The principal cause of movements in 
principal cause the atmosphcre is the variation of temperature 

produced by the alternation of day and night 
and the succession of tbe seasons. 

How can vari- When, through the agency of the sun, a particular portion 

atlons of tem- ^f t^g earth's surface is lieated to a creater detn-ee than the 

perature pro- . , , . . . « , 

dii«ewind? remamder, the au- resting upon it becomes rarefied and 



What is Wind? 
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ascends, whUe a cunrent of cold air rushes in to supply the vacancy. Two 
currents, the one of warm air flowing out, and the other of cold sur flowing 
in, are thus continually produced; and to these movements of the atmosphere 
we apply the deagnation of wind. 

If the whole aor&ce of the earth were covert with water, 

^^^«d* f*^- *^® winds would always follow the sun, and blow uniformly 

tures of the fh)m east to west The direction of the wind is, however, 

cMtt^aflBBctthe oomanually sabject to interruption from mountains, deserts, 

plains, oceans, etc. 

Thus mounttuns which are covered with snow, condense and cool the air 
brought in contact with them, and when the temperature of the current of 
air constituting the wind is changed, its direction is liable to be changed also. 
The ocean is never heated to the same degree as the land, and in conse- 
quence of this, the general direction of the wind is from tracts of ocean to- 
ward tracts of land. 

In those parts of the world wluch present an extended sur&ce of water, 
th%wind blows with a great degree of regularil^. 

What is the ^^2. Every variation exists in the ^eed of winds, from 
reiodtj , and the mildest zephyr to the most violent hurricane, 
force o win s ^ ,^^^ which is hardly perceptible moves with a velodty 

of about one mile per hour,, and with a perpendicular force on one square foot 
of '005 pounds avoirdupois. 

In a storm, the velocity of the wind is from 60 to 60 miles per hour, and 
the pressure from *? to 12 pounds per square foot In some hurricanes, the 
velocity has been estimated at from 80 to 100 miles per hour, with a varying 
force of from 30 to 50 pounds. t 

The force of the wind is ascertained by ob- 
foSce of wind seTving the amount of pressure that it exerts 

caloolatedf ^ . , ^ ^ j- i x -x 

upon a given plane aurfece perpendicular to its 
own direction. 

If the pressure-plate acts freely upon spu*al springs, the power of the wmd 
is denoted by the extent of their compression, which thus becomes a measure 
of thek force, the same as in weighing by the ordinary spring-balance. 

What is an -A-U instrument for taeasuring the force of 
Anemometer? |.jj^ ^^^ jg Called an Anemometer. 

How may winds 623. Wiuds mav be divided into three 
hediTidedf classes :— Constant/ Periodical, and Variabte 
winds. 

624. In many parts of the Atlantic and Pacific oceans, the 
trade-winds? wind blows with a uniform force and constancy, so that a ves- 
sel may sail for weeks without altering the position of a sail 
or spar. Such winds have received the designation of trade- winds, inasmuch 
as they are most convenient for navigation, and always blow in one directioa. 
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What is the ^® trade-winds are caused by the movements of vast cor- 
eanse of the rents of air which are oontinnally flowing between the poles 
trade-windfl t g^^ ^q equator. Thus the air which has been greaUy heated 
by the sun in regions near to the equator, rises and runs over toward either 
pole in two grand upper currents, under which there flows from north and 
south two other currents of colder air to occupy the space yacated, and to re- 
store the equilibrium. 

What oocarions *^^" ^ *^® northern hemisphere the trade-winds blow fifom 
tiie direction of the north-east, and in the southern hemisphere fix)m the south- 
the trade-iriiids 7 



The reason they do not blow fifom the direct north and south is owing to 
the revolution of the earth. The circumf^«nce ei the earth being larger at 
the equator than at the poles, every spot of tiie equatorial surface must move 
much fiuster than the corresponding one at the poles : when, therefore, a cur- 
rent of air from the poles flows toward the equator, it comes to a part of the 
earth^s surface which is moving fester than itself; in consequence of which 
it is lefli behuid, and thus produces the effect of a current moving in the op- 
posite direction. 

The region over which the trade-winds prevail extends for about 25 degrees 
of latitude, on each side of the equator,. in the Atlantic and Pacific oceans. 

The reason the trade-winds do not blow uninterruptedly fix>m the equator 
to each pole is owing to the change which takes place in their temperature as 
4bey move north and south. Thus in the northern hemisphere tbe hot air 
that ascends from the equator and passes north, gradually cools, and becomes 
denser and heavier, running as it does over the cold current below. The 
cold air from the pole, too, gradually becomes warmer and lighter as it passes 
south, so that in the temperate climates there is a constant struggle as to 
which shall have the upper and which the lower position. In these regions, 
ooDseqnently, there are no uniform winds.* ' 

"Whstawmon- 626. MoDsooiis are periodical curreiits of air 
****■' which in the Arabian, Indian, and China seas 
blow for nearly six months of the year in one direction, 
and for the other six in a contrary direction. 

They are called monsoons from an Arabic word signifying season; they are 
also called periodical winds, to distinguish them from the trade-winds which 
are constant. 

What ia the "^^^ theory of the monsoons is as follows: — During six 
theory of the months of the year, from April to October, the air of Arabia, 
monaoonat Persia, India, and China, is so rarefied by the enormous heat 

of their summer sun, that the cold air from the south rushes toward these 

* The exiafcenee of a great earrent of air in the upper regions of the atmosphere, flow- 
ing in an moarlj contrary direetion to the trade-winds, has been confirmed by the oh- 
serrations of trareiers who have ascended the Peak of Teneriffe, or some of the high 
mountains in the islands of the Southern Pacifie Ocean. At a height of about 12,000 feet 
a wind is encountered, blowing constantty in an Opposite direction to that which preraila 
at the lerel of the sea below. 
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oountriea, acrosa the equator, and produces a soutii-west wind. When the 
Ban, on the other hand, has left the northern side o( the equator for the 
Eouthem, the southern hemisphere is rendered hotter than the northern, and 
the direction of the wind is reversed, or the monsoon blows north-east from 
October to AfKiL 

The monsoons are more powerful than the trade-winds, and very often 
amount to violent gales. They are also more useful than the trade-winds, 
since the mariner is able to avail himself of their periodic changes to go in 
one direction during one half of the year, and return in the opposite direction 
during the other half 

What is the ^^*^' ^° '^^^ P"*® of the world, as on coasts and islands, 
expianatton of the heating action oOhe sun produces daily periodical winds, 
breJ«B°* "^ which are termed land and sea-breezes. 

During the day, the land becomes muohmore highly heated 
by the sun than the adjacent water, and consequently the air resting upon 
the land is much more heated and rarefied than that upon the water. The 
cooler and denser air, therefore, flows from the water toward the land, con- 
stituting a sea-breeze, and, displacing the warmer and lighter air over the 
land, forces it into a higher region, along which it flows in an upper current 
seaward. 

At night a contrary effect is produced. After sunset the land cools much 
more rapidly than the water, and the air over the shore becommg cooler, 
and consequently heavier than that over the sea^ flows toward the water and^ 
forms the land-breeze.* 

The phenomena of land and sea-breezes may be well illustrated by a simple 
experiment Fill a large dish with cold water, and place in the middle of it 
a saucer full of warm water ; let the dish represent the ocean, and the saucer 
an island heated by the sun, and rarefying the air above it ; blow out a can- 
dle, and if the air of the room be still, on applying it successively to every 
side of the saucer, the smoke will be seen moving toward it and rising over 
it, thus indicating the course of the air from sea to land. On reversmg the 
experiment, by fillmg the saucer with cold water, and the dish with wann, 
the land-breeze will be shown by holding the smoking wick over the edge 
of the saucer ; the smoke will then be wafted to the warmer air over the dish. 

628. In the temperate zones^ the winds have * 
^ . ▼ariawe little of regularity, and these latitudes are 

winds preyail ? . *^ '^ ^ 

known as the regions of " variable winds." • 

In the tropics, the great aerial currents known as the trade-winds exist in 
all their power, and control most of the local influences; but in the temperate 
zones, where the force of the trade-winds is diminished, a perpetual contest 

* Advantage is taken of these breeses by oouters, wtaioh, drawing leas water than 
larger yessda, can approach the coast within those limits where the sea and land-breeses 
first begbi to operate. Thus a ship of war may not be able to take advantage of these 
winds, while sloopn and schooners may be moving along elose to the shore under a preat 
of canvas, and be oat of sight before the larger vessel is released from the calm bordering 
these breezes, and fringing for some time the beach only. 
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occurs between the permanent and temporary onrrents, giving rise to con- 
stant fluctuations in the strength and directioa of the winds. 

629. The driest winds of the United States are west and 
character of north-west winds, since they blow over great tracts of land, 
th^ ^*^i J? ^"^^ ^^^ ^^'^ opportunity of abscH>bing moisture, 
states? ^^^ south winds are generally warm and productive of 

rain, since coming from tropical countries, they are highly 
heated, and readily absorb moisture as they pass over the ocean As soon, 
howevor, as they reach a cold climate they are condensed, and can no longer 
hold all their yapor in suspension; in consequence of which some of it is de- 
posited as run. 

630. Other disturbances of the air occasion a variety of phenomena known 
as "Simoons," "Hurricanes," "Twiiadoes," "Water-Spouts," eta 

What is a Si- 631. The Simoon is an intensely hot wind 
"**^' that prevails upon the vast deserts of Africa 
and the arid plains of Asia, causing great suffering, and 
often destruction of whole caravanB of men and animals 
when encountered. Its origin is to be sought in the pecu- 
liarities of the soil and the geographical position of the 
countries where it occurs. 

" The sur&oe c^ the deserts of Africa and Asia is composed of dry sand, 
which the vertical rays of the sun render burning to the touch. The heat of 
these regions is insupportable, and their atmosphere like the breath of a fur- 
naoei When, under such droumstances, the wind rises and sweeps over 
these pkuns, it is intensely hot and destitute of moisture, and at the same time 
bears aloft with it great clouds of fine sand and dust — a dreadful visitant to 
the traveler of the desert" 
What i« a Hut- The Hurricano is a remarkable storm wind, 

'**'*°"' peculiar to certain portions of the world. It 
rarely takes its rise beyond the tropics, and it is the only 
storm to dread within the region of the trade-winds. 

Hurricanes are especially distinguished trom all other kinds of tempests by 
their extent, irredstible power, and the sudden changes that occur in the 
direction of the wind. 

In the northern hemisphere, the hurricane 
and locations most frequently occurs in the regions of the 
v^freao^ West Indies ; in the southern hemisphere, it 
^***^*^ occurs in the neighborhood of the Island of 

Mauritius, in the Indian Ocean. They also seem to be 
confined to particular seasons; thus the West Indian 
occur from August to October ; the Mauritian from Feb- 
ruary to April. 
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Recent investierations have proved the hur- 

What is the . , • r i? i. • X i? • J 

nature of the Ticanes to consist ot extensive storms oi wmd, 
which revolve round an axis either upright or 
inclined to the horizon ; while at the same time the body 
of the storm has a progressive motion over the surface of 
the ogean. 

Thus it is the nature of a hurricane to travel round and round as well as 
forward, much as a corkscrew travels through a cork, only the circles are all 
fiat, and described hj a rotary wind upon the surfkce of the water. A ship 
revolving in the circles of a hurricane, would find, in successive positions, tiie 
wind blowing fix>m every point of the compass.* 

The efifect produced by a hurricane upon the atmosphere is very singular. 
As it consists of a body of air rotating in a vast circle, its center is the point 
of least motion. - Mariners who have been caught in such a center, describe the 
unnatural calm that prevails as awful — an apparent lull of the tempest^ which 
seems to have rested only to gather strength for greater efforts. The mass 
of air, however, which constitutes the body of the storm will be driven out- 
ward from the center toward the margm, just as water in a p^l which is 
made to revolve rapidly flies from the center and sweUs up the sides. Bat 
the pressure of the atmosphere beyond the whirl, checking and resisting the 
centriAigal force, at length arrests the outward progress of the mass of air, 
and limits the storm. 

_- . . The progressive velocity of hurricanes is from seventeen to 

respecting the forty miles per hour; but distinct from the progressive velocity 
Ipaces ^aver£ *^ *^® rotary velocity, whidi increases from the exterior bound- 
ed by hurri- ary to the center of the storm, near which point the force of 
canes? ^y^Q tempest is greatest, the wind sometimes blowing at the 

rate of one hundred miles per hour. 

The distance traversed by these terrible tempests is also immense. The 
great gale of August, 1830, which occurred at St Thomas, in the "West 
Indies, on the 12th, reached the Banks of Newfoundland on the 19th, having 
traveled more than three thousand nautical miles in seven days ; the track of 
the Cuba hurricane of 1844 was but little inferior m length. 

The sur&ce simultaneously swept by these tremendous whirlwinds is a 
vast circle varying from one hundred to five hundred miles in diameter. 

Mr. Bedfield has estimated the great Cuba hurricane of 1844 to have been 
not less than eight hundred miles in breadth, and the area over which it pre- 
vailed during its whole length was computed to be two million four hun- 
dred thousand square miles — an extent of surface equal to two thirds of 
that of all Europe. 

* In 1845, a ship encountered a harricane near ManritiaB. The wind, u the ship 
sailed in the circuit of the storm, changed five times completely round in one hundred 
and seiwnteen hours. The whole distance sailed by the vessel was thirteen hundred and 
seVenty-three miles, and at the termination of the storm she was only thre9 hundred and 
fifty-four miles f^om the place where the storm commenced. 



r 



WINDS. 287 

whatareTor- 632. Tomadocs may be regarded as hurri- 
T'^o^^ canes, differing chiefly in respect to their con- 
tinuance and extent. 

Tornadoes usually last from fifteen to seventy seconds ; 
their breadth varies from a few rods to several hundred 
yards, and the length of their course rarely exceeds twenty 
miles. 

The tornado is generally preceded by a calm and soltry state of the atmos- 
phere, when suddenly the whirlwind appears, prostrating eyery thing before 
it Tornadoes are usually accompanied with thunder and li^tning, and 
sometimes showers of hail. 

Tornadoes are supposed to be generally pro- 
nadoes pn>I duccd by the lateral action of an opposing 
windy or the influence of a brisk gale upon a 
portion of the atmosphere in repose. 

Similar phenomena are seen in the eddies, or little whirlpools formed in 
water, when two streams flowing in different directions meet They occur 
most frequently at the junction of two brooks or rivers. 

Whirlwinds on a small scale are often produced at the comers of streets in 
cities, and are occasioned by a gust of wind sweeping round a building, and 
striking the calm air beyond. 

The whirl of a tornado, or whirlwind, appears to originate in the higher 
regions of the atmosphere ; it increases in velocity as it descends, its base 
gradually approaching the earth, until it rests upon the sui&ce. . 

Great conflagrations sometimes produce whirlwinds, in consequence of a 
strong upward current, which is produced by the expaLsion of the heated 
air. A remarkable example of this is recorded to have happened at the 
burning of Moscow, in 1812, where the air became so rarefied by heat, that 
the wind rose to a frightful hurricane. 

It has been noticed as one of the curious effects of a tornado, that fowls and 
birds overtaken by it and caught in its center, are often entirely stripped of 
their feathers. In a theory propounded some years since to the American 
Association for the Promotion of Science, by an eminent scientific authority, 
it was supposed that in the vortex, or center of the tornado, there was a 
vacuum, and the fowls being suddenly caught in it, the air contained in the 
barrel of their quills expanded with such force as to strip them fiom the 
body. 

What is » 633. A water-spout is a whirlwind over the 
water-gpout? surface of Water, and differs from a whirlwind 
on land in the fact that water is subjected to the action 
of the wind, instead of objects on the surface of the earth. 
In diameter the spout at the base ranges from a few feet 
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to several hundreds, and its altitude is supposed to be 

often upward of a mile. 
When an observer is near to the spout, a loud hissing noise is heard, and 

the interior of the column seems to be traversed by a rushing stream. 

Fia. 228. The successive appearances of a water- 

spout are as follows : — ^At first it appears to 
be a dark cone, extending from the douds 
to the water; then it becomes a column 
muting with the water. After continuing 
for a little time, the colunm becomes dis- 
united, the cone reappears, and is graduaUy 
drawn up into the clouds. These various 
changes are represented in Fig. 228. It is 
a common belief that water is sucked up by 
the action of the spout into the clouds ; but 
there is reason to suppose that water rather 
descends from the douds, as water which 
has fellen from a spout upon the deck of a 
vessel has been found to be fresh. There is 
no evidence, furthermore, that a continuous 

column of water exists within the whirling pillar. 

SECTION IV. 

METEOBIG PHENOMENA. 

What are ^^4. Meteorvtes are luminous bodies, which 

Meteorites? £j.qj^ ^^^q ^q ^^^q appeal iu the atmosphere, 

moving with immense velocity, and remaining visible but 
for a few moments. They are generally accompanied by 
a luminous train, and during their progress explosions are 
often heard. 

What are ^35. Thc term aerolite is given to those 

AeroiiteB? stouy masscs of matter which are sometimes 
seen to fall from the atmosphere-.* 

What is known The weight of those aerolites which have been knowm to 

reBpecting the fall from the atmosphere varies from a few ounces to several 
"wreight and ve- . , , , "^ . 

locity of aero- hundred pounds, or even tons. 

lite*^ The height above the earth's surfece at which they are sup- 

posed to make their appearance has been estimated to vary from 18 to 80 miles. 

• Aerolite is derived from the Greek words aep (atmosphere) and Xefloj (a stone). A 
meteor is distinguished from an aerolite hy the fact that it hursts in the atmosphere, hat 
leaves no residnum, whUe the aerolite, vhich is supposed to be a fragment of a meteor, 
comes to the ground. 
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The estimated velocity of these bodies is somewhat more than three hun- 
dred miles per minute, though one meteor of inunense size, which is supposed 
to haye passed within twenty-five miles of. the earth, moved at the rate of 
twelve hundred miles per minute. Owing, however, to the short time the 
meteor is visible, and its great velocity, accurate observations can not be 
made upon it ; and all estimates respecting their distance, size^ etc., must be 
considered as only approximations to the truth. 

Very many of the meteorites which have &llen at different 
respecting the times and in different parts of the globe, resemble each other 
StSbM?" ^^ *^ closely, that they would seem to have been broken from 
the same piece or mass of matter. 

Most of them are covered with a black shining crust, as if the body had 
been coated' with pitch. When broken, their color is ash-gray, inclining to 
black. They consist for the most part of malleable iroii and nickel, but they 
often contain small quantities of other substances. They do not resemble in 
compoeitaon any other bodies found upon the sur&ce of the earth, but have a 
character of their own so peculiar that it enables us to decide upon the me- 
teoric origin of masses of iron which are oocaBionally found scattered up and 
down the surface of the earth, as in the south of Africa, in Mexico, Siberia^ 
and on the route overland to Galiforma. Some of these masses are of immense 
weight, and undoubtedly fell from the atmosphere. 

What is the ^36. Four hypotheses have been advanced 
Bupposeiori^n ^q account fof the origin of these extraordinary 
**®^®*' bodies : 1. That they are thrown up from ter- 

restrial volcanoes ; 2. That they are produced in the at- 
mosphere from vapors and gases exhaled from the earth; 
3. That they are thrown from lunar volcanoes ; 4. That 
they are of the same nature as the planets, either derived 
from them, or existing independently. 

The fourth of these suppositions most fully explains the &cts connected 
with the appearance of meteorites, and the tMrd likewise has some strong 
evidence ii^ its &vor. 

How do shoot- ^^'^- Shooting-stars differ in many respects 
froifSlt^ref ^^^^ meteors. Their altitude and velocity are 
greater ; they are £ir more numerous and fre- 
quent, and are unaccompanied by any sound or explosion. 
Their brilliancy is also much inferior to that of the me- 
teor, and no portion of their substance is ever known to 
have reached the earth. 

At hathei ht "^^^ altitude of shooting-stars is supposed to vary from sfx 
do shooting- to four hundred and sixty miles, the greatest number appear- 
stars appear? ^ ^^ ^^ height of about seventy miles. Owing to their num- 

13 
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ber and frequency of occorrenoe, many careful obaeirationa haye been nude 
upon them, with a view of determinixzg these facts. 

Their y elocity is supposed to range from sixty to fifteen hundred xmles per 
minute. 

Some of these meteoric appearances may be seen eyery dear night, bat 
they aiqpear to fiill in great nomb^^ at certain periodical epochs. The pe- 
riods when they may be noticed most abundantly are <hi the 9th and 10th of 
August, and the 12th and 13th of November.* 

The majority of shooting stars appear to radiate from 
a particular part of the heavens, viz., a point in the con- ^ 
stellation Perseus, undoubtedly far beyond the limits of our 
atmosphere. 

What th riM ^ order to account for the origin of shooting stars, it has 
have been pro- been supposed by Prof. Olmstead, that they are derived from 
count for £e * ^^^ composed of matter exoeediigly rare, like the tail of a 
origin of shoot- comet^ revolving around the sun within the orbit of the earth, 
ing stars t ^ ^^ space Httie less than a year; and that at times the body 

approaches so near the earth that the extreme portions become detached aod 
drawn to the earth by virtue of its great attraction. It has been further sup- 
posed that the matter of which these bodies is composed is combustible, and 
becomes ignited on entering the earth's atmospheVe. 

The nearest approach of the central body to the earth is supposed to be 
about 2,000 miles. Bodies fiJling from this distance would enter the earth's 
atmosphere at a height of at least 50 miles above the surface, with a yelochj 
generated by the force of gravity above 4 miles per second — ^a velocity ten 
times greater than the utmost speed of a cannon-ball. 

When common air is compressed in a tight cylinder to the extent of one 
fifth of its volume, sufficient heat is generated to ignite tinder. If we suppose 
that the fragments descend with such velocity as to compress the rarefied 
atmosphere at the height of 30 miles to such an extent only aa to make it as 
dense as ordinary air, the temperature would be raised as high as 46,000° F. 
— a heat iar more intense than can be generated in any furnace. Unlesa, 
therefore, the mass of matter comprising the body was very large, it must be 
dissipated by heat long before it reaches the surface of the earth. 

Another theory has been proposed by the eminent astronomer Ghaldini, 
who supposes that, in addition to the planets and their satellites which revolve 
about the sun, there are innumerable smaller bodies; and that these occa- 
sionally enter vnthin the atmosphere of the earth, take fire, or descend to itB 
surface. 

* Thef hare also been noticed in nmiSBal abundance on the 18th of October, the 0Ch 
and 7tb of December, the 2d of Janoanr, the 23d and 24th of April, and from the 18th to 
the 20th of Jane. ^ 

Four most remarkable meteoric showers have been noticed, Tiis., in 1T9T, 18S1, 183S, and 
1833, all in the month of November. In the shover of 1833, the meteors, in manj psrtio^ 
the United States, appeared to fall as thick as snoir-fiakea. 
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SECTION V. 

P0PT7LAB 0PIKI0K8 OONCEBNINO TEB WEATHXB. 

^ ' , 638. There is no reason to doubt that every 

the weather change in the weather is in strict accordance 

oeenr inac- ,_*^ in* i«i • i»i 

eordance witii With somc definite physical agencies, which are 
fixed and certain in their operations. We 
can not, however, foretell with any degree of certainty 
the character of the weather for any particular time, be- 
cause the laws which govern meteorological changes are 
as yet imperfectly understood. 

There are, however, in all oountriea, certain ideas and pop- 
lar ideas re- ular proverbs respecting changes in the weather, the influ- 
Su^f in fhe ^^^ ^^ *^® moon, the aurora boreahs^ eta, which are wholly 
veather found- erroneous and unworthy of belief; since, when tested by 
ed on fact? long-continued observations, they are invariably found to be 

unsupported by evidence. 

Thus an examination of meteorological records, kept in different countries, 
through many years, proves conclusively that the popular notions concerning 
the influence of the moon on the weather has no foundation in any well- 
established theory, and no correspondence with observed facts. 

There is, however, some reason for supposing that rain falls more firequently 
about four days before full moon, and less firequently about four or five days 
before new moon, than at oUier parts of the montii; but this can not be con- 
sidered as an established fact In other respects, the changes of the moon 
can not be shown to have influenced in any way the production of ram. 

There is also a current belief among many persons that timber should be 
cut during the decline <^ the moon. To test the matter, an experiment, on 
an extensive scale, was made some years since in France^ when it was found 
ihaX there was no difference in the quality of any timber felled in different 
parts of the lunar month. 

It is also supposed that bright moonlight hastens, in some way, the putre- 
fibction of animal and vegetable substances. The &cts in respect to this sup- 
position are, that on bright, dear nights, when the moon shines brilliantiy, 
dew is more freely deposited on these substances than at other times, and in 
this way putrefiwjtion may be accelerated. With this result the moon has no 
connection. 

It is a traditional idea with many that a long and violent storm usually 
accompanies the period of the equinoxes, especially the autumnal ; but the 
examination of weather records for sixty-four years has shown that no 
particular day can be pointed out in the month of September (when the 
" equinoctial storm" is said to occur) upon which there ever was, or ever will 
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be, a so-called equinoctial atonn. The &ct, however, shonld mot be conoealed, 
that, taking the average for the five days embradng the equinox for the 
period above stated, the amount of rain is greater than for any other five 
days, by three per cent, throughout the month. 

Observations recorded for a long period have proved that the phenomenon 
of the aurora borealis, which is said to precede a storm, is as often followed 
by fiur, as by foul weather. 

Meteorological records, kept for eighty years at the observatory o£ Green- 
wich, England, seem to show that groups of wan^ years alternate with cold 
ones in such away as to render it probable that the mean annual 'tempera- 
tures rise and fall in a series of curves, corresponding to periods of about four- 
teen years. 

Thero is little doubt that some animals and insects are able to foretell 
changes in the weather, when man fiuls to perceive any indications of the 
same. Thus some varieties of the land-snail only make their appeamnoe be- 
fore a rain. Some other varieties of land crustaceous animals change their 
color and appearance twenty-four hours before a rain. 

Por a light, short rain, some trees have been observed to incline their leaves^ 
so as to retain water; but for a long rain, they are so arranged as to conduct 
the water away. 

The admonition given several thousand years ago, is equally sound in its 
philosophy at the present day : " He that observeth the winds shall not sow ; 
and he that regaideth the clouds shall not reap.'* — Ecdes.^ xi. 4. 



CHAPTER XIV, 

LIGHT. 



What i« Light? 639. Light is the physical agent which oc- 
casions, by its action upon the eye, the sensa- 
tion of vision. 

What is the 640. Optics is the name given to that de- 

sdenoe of Op- partmcnt of physical science which treats of 

vision, and of the laws and properties of light.* 

Between the eye and any visible object a space of greater or lees extent 
intervenes. In some instances, as when we look at a star, the extent of the 
space existing between the eye and the object seen is so great, that the mind 
is unable to form any adequate conception of it. Yet we recognize the ex- 
istence of objects at such distances, by the physical effect which they produce 
on our organs of vision. 

• From the Greek word " Oirro/«af," to see. 
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What theories ^^* ^° ^^^^ *^ explain how such a result is possible, or 
of light hare in Other words, to account for the origin of light, two theories 
been propoeed? ^^^ y^^Q^ proposed, which are called the Cobpuscxtlab and 
the Undulatort Theoriea 

What is the The CoBPUSCULAB Theoby Bupposcs that a 
tSS?^ . distant object becomes visible to us by emit- 
^'**^ . ting particles of matter from its surface, which 
particles of matter, passing through the intervening space 
between the visible object and the eye, enter the eye, and 
striking upon the nervous membrane, so affect it as to 
produce the sensation of light, or vision. 

According to this theory, there is a striking analogy or resemblance be- 
twe^Qi the eye and the oigans of smelling. Thus, we recognize the odor of 
an object in consequence of the material particles which pass from the object 
to the organs of smelliug, and there produce a sensation. In the same 
manner, a visible object at any distance may be supposed to send forth parti- 
cles o£ lights which move to the eye and produce vision, by acting mechan- 
ically on its nervous structure, as the odoriferous particles of a rose produce a 
sensible effect upon the organs of smelling. 

What is the The Undulatoby Theoby supposes that 
iS^^^^ there exists throughout all space an ethereal, 
elastic fluid, which, like the air, is capable of 
receiving and transmitting undulations, or vibrations. 
These, reaching the eye, affect the optic nerve, and pro- 
duce the sensation which we call light. 

According to this theory, there is a striking analogy between the eye and 
the ear; the vibrations, or undulations of the ethereal medium being supposed 
to pass along the space intervening between the visible object and the eye in 
the same manner that the undulations of the aur, produced by a sounding body, 
pass through the air between it and the ear. 

Which of the '^^ Corpuscular Theory was sustained by Newton, and was 
tjro theories of for a long time generally believed. At the present day it is 
Sy*rec^cd ?' ^^^^ entirely discarded, and the Undulatory Theory is now 
received by scientific men as substantially correct ; since it 
explains in a satisfactory manner nearly all the phenomena of light, which 
the Corpuscular Theory does not 

If the Corpuscular Theory be correct, a common candle is able to fill for 
hours, with particles of luminous matter, a circle four miles in diameter, since 
it would be visible, under &vorable circumstances, in every portion of this 
space. light, moreover, has no weight ; the largest possible quantity col- 
lected in one point and thrown upon the most sensitive balance, does not 
affect it in the slightest degree. 
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What an the The chicf soiirces of light are the sun, the 
Sf iShtr"*** stars, fire or chemical action, electricity, and 
phosphorescence. 

Uoder the head of chemical action are indnded all the forms of artafidal 
light which are obtained bj the burning of bodies. Examples of li^t pro- 
duced by phosphorescence, as it is called, are seen in the glow of old and de- 
cayed wood, and in the light emitted by fire-flies and some marine animals. 

642. All bodies are either luminous or non-luminous. 
What is a In- Luminous bodies are those which shine by 
minouBbody? ^j^^jj. ^^^^ light; such, for example, as the 
sun, the flame of a candle, metal rendered red hot, etc. 

All solid bodies, when exposed to a sufficient degree of heat, become lu- 
minous. It has been recently proved* that all solids begin to emit light at 
the same degree of heat, viz., 977o of Fahrenheit's thermometer. As the 
temperature rises, the brilliancy of the li^t rapidly increases, so that at a 
temperature of 2600o it is almost forty times as intense as at ISOO^. Gases 
must be heated to a much greater extent before they beghi to emit light 

What u anon- Nou-luminous bodics are those which pro- 
laminousbodyf ^^^^ ^^ jjgj^^ themsclves, but which may be 

rendered temporarily luminous by being placed in the 
presence of luminous bodies. 

Thus, the sun, or a candle, renders objects in an apartment luminous, and 
therefore visible ; but the moment the sun or candle is withdrawn, they be- 
come invisible. 

What are trans- Transparent bodies are those which do not 
parent hodieaf interrupt the passage of light, or which allow 
other bodies to be seen through them. Glass, air, and 
water are examples of very transparent bodies. 
What are Opaquc bddies are those which do not permit 
opaquebodieBf Ugf^^ ^^ pg^gg through them. The metals, 
stone, earth, wood, etc., are examples of opaque bodies. 

Transparency and opacity exist in different bodies in very different degrees. 
We can not clearly explain what there is in the constitution of one mass of 
matter, as compared with another, which fits the one to transmit light, and 
the other to obstruct it; but the arrangement of the particles has undoubt- 
edly much influence. 

Strictly speaking, there is no body which is perfectly transparent, or per- 
fectly opaque. Some light is evidently lost in passing even through space, 
and still more in traversing our atmosphera It has been calculated that the 
atmosphere, when the rays of the sun pass perpendicularly through it, inter- 
• By Prof. J. W. Draper. 
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In what man- 
ner ia Ught 
propagated? 



oept from <me fifth to one fourth of their light: bat when the mm is near the 
horizon, and the mass of air through which the solar rays pass is eonsequently 
vastly increased in thickness, only 1-2 12th part of their light can reach the 
surface of the earth. If our atmosphere, in its state of greatest density, could 
be extended rather more than '700 miles from the earth's surfiuse, instead of 
40 or 50, as it is at present, the sun's rays oould not penetrate through it, 
and our globe would roll on in darkness. Bodies, on the contrary, which 
are considered as perfectly opaque, will, if made sufficiently thin, allow light 
to pass through them. Thus, gold-leaf transmits a soft, green light 

643. Light, from whatever source it may be 
derived, moves, or is propagated in straight 
lines, so long as the medium it traverses is 
uniform in density. 

If we admit a sunbeam through a small opening into a darkened chamber, 
tiie path which the Ught takes, as defined by means of the dust floating in 
the air, is a straight Une. 

It is for this reason that we are unable to see through a 
bent tube, as we can through a straight one. 

In taking aim, also, with a gun or arrow, we proceed upon 
the supposition that light moves in straight lines, and try to 
make the projectile go to the desired object as nearly as pos- 
flible by the path along which the light comes from the object to the eye. 

Fig, 229. 



What practical 
apj^iicatioiiBarc 
made of the 
morement of 
light in straight 




Thus, in Fig. 229, the line A B, which represents the line of sight, is also the 
direction of a line of light passing in a perfectly straight direction from the 
object aimed at to the eye of the marksman. 

A carpenter depends upon this same principle for the purpose of determin- 
mg the accuracy of his work. If the edge of the plank be straight and uni- 
fimn, the Hght from all points of its sur&ce wiU come to the eye regularly and 
uniformly ; if irregularities, however, exist, they will cause the light to be 
irreg^ular, and the eye at once notices the confusion and the point which oo- 
casions it 

What is a ray ^44 A ray of light is a line of particles of 
ofu^tj light, or the straight line along which light 
passes from any luminous body. 

A luminous body is said to radiate its light, because the light issues from 
it in every direction in straight lines. 
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When rays of light radiate from any lumin- 
dirergence of ous body, they diverge from one another, or 
they spread over more space as they recede 
from their source. 

Fig. 230 represents tho raanncr of the diverg- Pig. 230. 

ence. 

whRt is the law - The surfaces covered, or 
of divergent? iHaminated by rays of 
light diverging from a luminous cen- 
ter, increase as the squares of the 
distances. 

Thus, a candle placed behind a window will illuminate a certain space on 
the wall of a house opposite. If the wall is twice as far from the candle as 
from the window, the space illuminated by it will be four times as large as 
the window. If the wall bo removed to three times the distance, the sor&ce 
covered by the rays of light will be nine times as large, and so on. 

A collection of radiating rays of light, as shown in Fig. 230, constitates 
what is called a " pencil of light." 

A thousand, or any number of persons, are able to see the 
great number same object at the same time, because it throws off from its 

of persons able surface an infinite number of rays in all directions; and one 
to see the same - , , , 

object at the person sees one portion of these rays, and another person 
same time? another. 

Any number of rays of light are able to cross each other, in the same space, 
without jostling or interfering. If a small hole be made from one room to 
another through a tliin screen, any number of candles in one room will shine 
tlirough this opening, and illuminate as many spots in the other room as there 
are candles in this, all their rays crossing in the same opening, without hindifr- 
ance or diminution of intensity ; just as sounds of different character proceed 
through the air and communicate to the ear, each its own particular tone, 
without materially interfering with each other. 

Rays of light which continually separate as 
Baid*ito ^ S- they proceed from a luminous source, are called 
vOTgtol; ^d Diverging Rays. Rays which continually ap- 
parauei? proach cach other and tend to unite at a cona- 

mon point, are called Converging Rays. Rays which move 
in parallel lines, are called Parallel Rays. 
What Is a 645. When rays of light, radiated from a 
shadow? luminous point, through the surrounding 
space, encounter an opaque body, they will (on account 
of their transmission in straight lines) be excluded from 
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Under what 



will the size of 
a shadow be 



diminished r 



FlO. 231 



the space behind sucli a body. The comparative dark- 
ness thus produced is called a shadow. 

When the light-giving sor&ce ia greater than the body casting the shadow, 
a cross section of the shadow thrown upon a plane sur&oe wHl be less than 
the body; and less^ moreoyer, the forther this sur&oe is from the body, for 
the shadowed space terminates in a point. 

WbeiBL the luminous center is smaller than the opaque body casting the 
shadow, the shadow will gradually increase in size with the distance, without 
limit; thus the shadow of a hand held near a candle, and between a candle 
and title wall, is gigantic. 

If the shadow of any object be thrown on a wall, the closer 
the opaque body is held to the light-producing center, as a 
candle^ for example, the larger will be its shadow. The rea- 
son of this is, that the rays of light diverge from the center 
in straight lines, like lines drawn from the center of a circle ; 
and therefore the nearer the object 
ia held to the center, the greater 
the number of rays it intercepts. 
Thus, in Fig. 231, the arrow A, held 
close to the candle, intercepts a large 
numbei' of rays, and produces the 
shadow B F; while the same ar- 
row held at 0, intercepts a smaller 
number of rays, and produces only 
the little shadow D E. 

When two or more luminous ob- 
jects, not in the same straight line, 
shine upon the same object, each one 
will produce a shadow. 

646. The intensity of light which issues 
from a luminpus point diminishes in the same 
proportion as the square of the distance from 
the luminary increases. 

Thus, at a distance of two feet, the intensity of light will be one fourth of 
what it is at one foot; at three feet the intensity will be one ninth of what it 
ia at caie foot. In other words, the amount of illumination at the distance of 
one foot from a single candle would be the same as that fix>m four, or nine 
candles at a distance of two or three feet, the numbers four and nine being 
the squares of the distances two, and three, from the center of illumination. 
64*7. This law, therefore, may be made avaUable for meas- 
unng the relative intensities of light proceeding from diflTerent 
sources. Thus, in order to ascertain the relative quantities of 
light furnished by two dififerent candles, as, for example, a 
wax and a tallow candle, place two discs or sheets of white 
13* 




Hoir does the 
intensity of 
light vary? 



CTpon what 
principle may 
bhe relative in- 
tensities of 
different lu- 
minons boAes 
be ascertained? 
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paper, a few feet apart on a wall, and throw the light of one candle on one 
disc, and the light of the other candle upon the other disa If they are of 
unequal iUuminating power, the candle which affords the most light must 
be moved back until the two discs are equally illuminated. Then, by meas- 
uring the distance betwoen each candle and tiie disc it illuminates, the lum- 
inous intensities of the two candles may be calculated, their relative intensi- 
ties being as the squares of their distances from the illuminated discs. !( 
when the discs are equally illuminated, the distance from one candle to its 
disc is double the distance of the other candle from its disc, then the first 
candle is four times more luminous than the second; if the distance be triple^ 
it is nine times more luminous, and so on. 

Instruments called "Photometers," operating in a sfanSar manner, have also 
been constructed for measuring the relative intensity C3i two luminous bodies. 
Their arrangement and plau of operation is substantially the same as in the 
method described. 

648. The light of the sun greatly exceeds in 
most intenw intensity that derived from any other lumin- 

Ught known? , j 

ous body. 

The most brilliant artificial lights yet produced, are very &r inferior to the 
splendor of the solar light, and when placed between the disc of the sun and 
the eye' of the observer, appear as black spots. 

Dr. Wollaston has calculated that it would require twenty thousand mil- 
lions of the brightest stars like Sirius to equal the light of the sun, or that 
that orb must be one hundred and forty thousand times further torn us than 
he is at present, to be reduced to the illuminating power of Sirius. 

The light of the full moon has also been estimated as three hundred thou- 
sand times less intense than that of the sun. 

During the day the intensity of the sun's light is so great as to entirely eclipse 
that of the stars, and render them invisible ; and for the same reason, we oj^y 
notice the light emitted by fire-flies and phosphorescent bodies in the darl^ 

Are the more- 649. Light doea Bot pass instantaneously 
SStont^n^?? through space, hut requires for its passage from 

one point to another a certain interval of time. 
With what ve- The velocity of light is at the rate of about 
traiSil"**^^* one hundred and ninety-two thousand miles in 

a second of time. 

.^^ Light occupies about eight minutes in traveling fit)m the 

lustrations of Bun to the earth. To pass, however, firom the planet 
i^lit'?^^'^*^ ^^ Uranus to the earth, it would require an interval of three 
hours. 
The time required for light to traverse the space intervening between the 
nearest fixed star and the earth, has been estimated at 3^years ; and from 
the farthest nebulae, a period of several hundred years would l>e requisite, so 
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immeDse is th^ distance from our earth. 1£, therefore, oae of tiie remote fixed 
stars were to-day blotted fixmi the heayenS) several generatioxis on the earth 
would have passed awaj before the obliteration could be known to man. 

The following comparison between the velocity of light and the epeed of a 
locomotive engme has been instituted :— -light passes from the sun to the 
earth in about eight minutes; a locomotive engine, traveling at the rate of 
a mile in a minute, would require upward of one hundred and eighty years to 
accomplish the same journey. 

Who first u. 650, The velocity of light was first deter- 
JSiStyofuSrtf inined by Von Eoemer, au eminent Danish 
astronomer, from observations on the satellites 
of Jupiter. 

Explaiii «he ^® method by which Von Boemer arrived at this result 
method by may be explained as follows : — The planet Jupiter is sur- 
lod^ of ^ight '^'"^ded by several satellites, or moons, which revolve about 
was determined it in certain definite times. As they pass behind the planet^ 
ofJu^te^BM^ they disappear fix)m the sight of an observer oa the earth| or 
elliteB. in other words, they undergo an eclipse. 

^ The earth also revolves in an orbit about the sun, and in the course of its 
revolution is brought at one time 192 millions of miles nearer to Jupiter than 
it is at another time, when it is in the most remote part of its orbit Suppose^ 
now, a table to be calculated by an astronomer, at the time of year when tho 
earth is nearest to Jupiter, showing, for twelve successive months, the exact 
moment when a particular satellite would be observed to be eclipsed at that 
point Six months afterward, when the earth, iUr the oouiae of ita^ revolution, 
has attained a point 192 milHons of miles more remote from Jupiter than it 
formerly occupied, it would be found that the eclipse of the satellite would 
occur sixteen minutes, or 960 seconds, later than the calculated tUne» This 
delay is occask>ned by the &ct that the light has had to pass OY&t a greater 
distance before reaching the earth than it did when tiie earth was in the op- 
posite part of its orbit, and if it requires sixteen minutes to pass over 192 m£L- 
lions of miles, it will require one second to move over 200,000 miles. When, 
on the contrary, the earth at the end of the succeeding mx months has as- 
sumed its former position, and is 192 millions of miles nearer Jupiter, the 
eclipse will occur fflxteen minutes earlier, or at the exact calculated time g^ven 
in the tablea The velocity of light, therefore, in round numbers, maybe con- 
sidered as 200,000 miles per second.* A more exact calculation, founded on 
perfectly accurate data, gives as the true velocity of light 192,500 miles per 
second. 

* The ezphuuition above given will be made dear by reference to the foUoiring dia* 
gram. Fig. 232. S represents the son, a 6 the orbit of the earth, and T IV the position of 
the earth at dSfi^nt and opposite points of its orbit J represents Japiter, and E iti 
sateUite, abont to be eclipsed by passing irithin the shadow of the planet Now the time 
of the oommenoement or termination of an eclipso of the satellite, is the instant at whioh 
the satelUfee wonld appear, to an observer on the earth, to enter, or emerge tcom the 
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Several other plans have been devised for detennining the velocity of Mght» 
the results of which agree very nearly with those obtomed by the observations 
on the satellites of Jupiter.* 

When u light 651. When a ray of light strikes against a 
'"**'***' surface, and is caused to turn back or rebound 
in a direction different from whence it proceeded^ it is said 
to be reflected. 

What la ab- ^52. Whcu rajs of light are retained upon 
■o^^tton of ^jjg surface upon which they fall, they are said 
to be absorbed ; in consequence of which their 
presence is not made sensible by reflection. 

The question as to what becomes of the light which is absorbed hy a body, 
can not be satis&ctorily answered. In all probability it is permanently re- 
tained within the substance of the absorbing body, smce abody which absorbs 
light by continued exposure, does not radiate or distribute it again in any 
way, as it might do if it had absorbed heat 

■hadow of the planet If the transmission of light were instantaneons, it is ohvions Oat 
an ohferrer at T', the most remote part of the earth* s orhit, would see the eclipse b^;in 
and end at the same moment as an observer at T, the part of the earth* s orbit nearest to 
Jnpiter. This, howerer, is not the case, but the observer at T' sees the eclipse 960 sec- 
onds later than the observer at T : and as the distance between these two stations is 198 
milUons of miles, we have, as the velodty of light in one second, 192,000,000-1-960= 

soo,ooa 

Fick282. 




* A very ingenious plan was devised a few years since by M. Fizeau of Paris, by wbicli 
the velocity of artificial lig^ht was determined and found to agree with that of solar light. 
A disc, or wheel, carrying a certain number of teeth upon its circumference, was made to 
revolve at a known rate : placing a tube behind these, and looking at the open spaces be- 
tween the teeth, they become less evident to sight, the greater the velocity of the moving 
wheel, until, at a certain speed, tlie whole ed^e appears transparent The rate at which 
the wheel moves being known, it is easy to determine the time occupied while one tooth 
passes to take the place of the one next to it. A ray of Hp;ht is made to traverse many 
miles through space, and then passes through the teeth of the revolving disc. It mores 
the whole distance in just the time occupied in the movement of a single tooth to iheplac« 
of another at a certain speed. 
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SECTION I* 

RBPLBOTION OF LIGHT. 

What oeean 653. When fajs of light fall upon any Bur- 
r,^n M7*1!S! face, they may be reflected, absorbed, or 
^***^ transmitted. Only a portion of the light, 

however, which meets any surface is reflected, the remain- 
der being absorbed, or transmitted. 

When does a ^54. When the portion of light reflected 
^Iteand^SS fr^°^ a^y B^irface, or point of a surface, to the 
dark? QjQ jg considerable, such surface, or point, ap- 

pears white ; when very little is reflected, it appears dark- 
colored; but when all, or nearly all the rays are absorbed, and 
none are reflected back to the eye, the surface appeara black. 

Thus, charcoal is Wack, becanso it absorbs all the light which fiiUs upon it, 
and roflects nono. Such a body can not be seen unless it is situated near 
other bodies which reflect light to it 

According to a variation in the manner of reflecting light, the same surface 
which appears whit^ to an eje in one position, may appear to be black from 
another point of view, as frequently happens in the case of a mirror, or of 
any other bright, or reflecting sur&ce. 

What are good Donsc bodics, particularly smooth metals, 
vg^" •' reflect light most perfectly. The reflecting 
power of other bodies decreases in proportion 
to their porosity. 

How are noo- ^55. All bodics Dot in thcmselves luminous, 
JSTiS ^"^ become visible by reflecting the rays of light. 

'*^®' It is by the irregular reflection of light that most objects in 

nature are rendered viaiblo ; since it is by rays which are dispersed from re- 
flecting surfaces, irregularly and in orer}' direction, that bodies not exposed 
to direct light are illuminated. If light were only reflected regularly from the 
surface of non-luminous bodies, wo should see merely the image of the lumin- 
Gos object, and not the reflecting surface.* In the day-time, the image of the 
sun would be reflected from the surface of all objects around us, as if they 
were composed of looking-glass, but the objects themselves would be invisi- 
ble. A room in which artiflcial lights were placed would reflect these lights 
from the walls and other objects as if they were mirrors, and all that would 
• be visible would be the multiplied reflection of the artiflcial lights. 

* lo a Tory good mirror we scarody peroeive the reflecting surface interrening betireen 
vs and tike images It shows lUk 
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._. «fcct hM ^® atmosphere reflects ligbt irregokrij, and every partide 
tha atinoq>hflre of air IS a lumisous oeater, which radiates light in every' direc- 

SSronLS?** ^^^ ^^"^ ^* ^'^ ^^^ ^^ ^^ *""^'® ^* woiM only illumi- 
nate those spaces which are directly accessible to its rays, and 
darkness woidd instantly saoceed the disappearanceof tiie sun below the horizon. 

"What it a 
Mirror r 

a MlBBOR. 



656. Any snrface which possesses the power 
of reflecting light in the highest degree is called 



Into how many 
claases are mir- 
rors divided f 



Fig. 233. 
B 



MThafc ia the 
great law of 
the refleetioii 




Mirrors are divided into three general classes, 
without regard to the material of which they con- 
sist, viz., Plane, Concave, and Convex Mirrors.' 
These three varieties of mirrors are represented in Fig. 
233; A, being plane, like an ordinary looking-glass; B, 
concave, like the inside of a watch-glass ; and C, oonvez, 
like the oatside of a watch-glass. 

657. When light falls upon 
a plane and polished surface, 
of light? jTj^Q angle of reflection is equal 

to the angle of incidence. 

This is the great general law which governs the reflec- 
tion of light, and is the same as that which governs the« 
motion of elastic bodie& 

Thus, in Fig. 234, let A B be the direction of an ind- 

FiGK 234. ^®"* ™y ^^ ^^^^ Ming on a mim)r, F C. 

It will be reflected in the direction B E. 
If we draw a line, D B, perpendicular to 
the surface of the mirror, at the point of 
reflection, B, it will be found that the 
angle of incidence, A B D, is precisely 
equal to the angle of reflection, E B D. 

The same law holds good in 
regard to every form of surface, curved as well as plane^ 

since a curve may be supposed 
to be formed of an infinite num- 
ber of little planes. 

Thus, m Fig. 236, the mddent raj, E G, 
falling upon the concave surface, a C b, 
will still be reflected, in obedience to the 
same law, in the direction G D, the angle 
being reckoned fh>m the perpendicular to 
that point of the curve where the incident 
ray falls. The same will also be true of 
the convex sor&ce^ A B. 
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What i8 meant 658. An iuu^e, in optics, 18 the figure of 
by an image? qj^j object made by rays proceeding from the 
several points of it. 

wiiatiaacom 659. A commoQ Iooking*glass consists of a 
mon^ioo ng- ^^^^ plate, having smooth and parallel suf- 
&ces, and coated on the back with an amalgam^ of tin 
and quicksilver. 

Hoiraretheim. "^^^ imagesformcd ina common looking-glass 
IiSJidbSSSJ? are mainly produced by the reflection of the 
rays of light fix>m the metallic surface attached 
to the back of the glass, and not from the glass itself. 

The effect may be explained as follows: — A portion of the light incident 
upon the anterior surface is regularly reflected, and another portion irregu- 
larly. The first produces a very feint unage of an object placed before the 
glass, while the other renders the surface of the glass itself visible. Another, 
and much greater portion, howeyer, of the light falling upon the anterior sur- 
fece passes into the glass and strikes upon the brilliant metallic coating upon 
the back, from which it is regularly reflected, and returning to the eye, pro- 
duces a strong image of the object There are, therefore, strictly speaking, 
two images formed in every looking-glass — ^the first a faint one by the light 
refliBcted regularly fl*om the anterior surface, and the second a strong one by 
the light reflected from the -metallic surfeoe; and one of these images will be 
before the other at a distance equal to the thickness of the glass. In. good 
mirrors, the superior brilliancy of the image produced by the metallic surface 
will render the faint image produced by the anterior surface invisible, but in 
glasses badly silvered, the two images may be easily seen. 

If the surfaces of the mirror could be so highly polished as to reflect regu- 
larly all the light incident upon it, the mirror itself would be invisible, and the 
observer, receiving the reflected light, would perceive nothing but the images 
of the objects before it This amount of polish it is impossible to effect arti- 
ficially, but in many of the large plate-glass mirrors manufactured at the pres- 
ent time, a high degree of perfection is attained. Such a mirror placed ver- 
Hcally against the wall d a room, appears, to the eye merely as an opening 
leading into another room, precisely similar and similarly furnished and illum- 
inated ; and an inattentive observer is only prevented from attempting to 
walk through such an apparent opening by encountering his own image as 
he approaches it. 

man. ^^^' ^ V^^^^ miiTor Only changes the direc- 
ner does a tiou of the ravs of light which fall upon it, 

plane mirror ,_ _ , % • i • •• -re* 

reflect rays of without altering thciT relative position. If 
they fall upon it perpendicularly, they will be 

* An amalgam is a mixture or componnd of quiclDsilver and some other metaL 
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reflected perpendicularly ; if they fall upon it obliquely, 
they will he reflected ohliquely ; the angle of reflection 
being always equal to the angle of incidence. 

If the two sor&oes of mirrors are not parallel, cft uneven, 
~^ in a then the rays of light felling upon it will not be reflected rego- 



^^'^dSJSt- ^^7* *"*^ *^® image will appear distorted. 

•Sv 661. We always seem to see an object in the 

Hoiria ui np- dircctiou from which its rays enter the eye. A 
Sf^t^^ mirror, therefore, which, by reflection, changes 
b^reflertkmf ^^^ dircctiou of the rays proceeding from an 
object, will change the apparent place of the object. 

Thus, if the rays of a candle fitll obliquely upon a mirror, and are reflected 
to the eye, we idiall seem to see the candle in the minor in the direction 
in which they |8Y)oeed after reflection. 

If we lay a looking-glass upon the floor, with its ftce uppermost, and plaoo 
a candle beside it, the image of the candle will be seen in the mirror, by a 
person standing opposite, as inyerted, and as much below the suifaoe of the 
glass as the candle itself stands above the glass. The reason of this is, that 
the incident rays from the candle which &11 ppon the mirror are reflected to 

the eye in the same 
^^•236. ^ duection that they 

would have taken, had 
they really come from 
a candle situated as 
much below the sur- 
face of the glass, as 
the first candle was 
above the sur&oe. 
This iaot wiU be 
clearly shown by re- 
ferring to Fig. 236. 
When we look into a plane mirror (the common looking-glass) the rays of 
light which proceed from each point of our body before the mirror will, after 
reflection, proceed as if they came from a point holding a corresponding posi- 
tion behind the mirror ; and therefore produce the same effect upon the eye 
of the observer as if they had actually come from that point The image 
in the glass, consequently, appears to be at the same distance behind the 
surface of the glass, as the object is before it. 

Let A, Fig. 237, be any point of a visible object placed before a looking- 
glass, M N. Let A B and A be two rays diverging from it, and reflected 
from B and C to an eye at 0. After reflection they will proceed as if they 
had issued from a point, a, as far behind the surface of the looking-glass 
as A is before it — ^tiiat is to say, the distance A N will be equal to tha 
distance No. 
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For this reason our reflection in Fia. 23Y. 

a mirror seems to approach us when 
we walk toward it, and to retire 
from ns as we retire. / 

Upon the same principle, when 
trees, buildings, or other objects 
are reflected from the horizontal 
sur&ce of a pond, or other anooth 
sheet of water, they appear in- 
Torted, since the light of the object, 
reflected to our eyes from the 
surfiu5e of the water, oomes to ns 
with the same direction as it 
would bare done, had it proceeded 
directly from an inverted object 
in the water. 

In Fig. 238, the light proceed- 

Fio. 238. ^°& fr^™ *^® arrow-head, A, strikes the water 

Q it F, and is reflected to D, and that fix>m 

y^ ^/ the barb, B, strikes the water at E, and is 

t\. y-/^ reflected to 0. A spectator standing at G 

'\ ..'-''/ will see the reflected rays, E G and F G, as 

if they proceeded directly from C and D, and 
the image of the arrow will appear to be lo- 
cated at C D. 

It is in accordance with the law that the 
aBgles of incidence are equal to the angles of 
reflection, that a person is enabled to see his whole figure reflected from the 
surface of a comparatively small mirror. Thus, in Fig. 239, let a person, D, 
Fig. 239. be placed at a suitable distance from a mir- 

c A 35 ror, A B. The rays of Kght, C A, proceed- 

ing from the head of the person, fall perpen- 
dicularly upon the mirror, and are therefore 
reflected hack perpendicularly, or in the 
same line; the rays B D proceeding from 
V the feet, however. Ml obliquely upon the 
mirror, and are therefore reflected obliquely, and reach the eye in the same 
direction they would have taken had they proceeded from the point F behind 
the mirror. 




662. The quantity of light reflected from a 
given surface, is not the same at all angles, or 
inclinations. When the angle or inclination 
with which a ray of light strikes upon a reflecting surface 
is great, the amount of light reflected to the eye will be 



Is the same 
quanti^oflight 
reflected at aU 
angles? 
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considerable ; when the angle, or inclination is sidall, the 
amount of light reflected will be diminished. 

Thus, for example, when light &Ila perpendicalarlj upon the sar&oe of 
glass, 25 rays out of 1,000 are returned; bat when it &Ils at an angle of 
SS**, 550 raya out of 1,000 are retumecL 

Thus, a 8ux&oe of unpolished glass pioduces no image of an object hj re- 
flection whea the raji fidl on it nearly perpendicularly ; but if the flame of a 
candle be held im sui^ a portion that the r%ya fiiJl upon the 8ur&oe at a veiy 
small an^ a distfaMt image of it w31 be seen. 

We have m t^is aa ezplaaaticm of the &ot, that a spectator standing upon 
the bank of a river sees the images of the opposite bank and the objects upon 
k reflected in the water most distincUy, while the images of nearer objects 
•re seen imperfectly, or not at all. Here the ra3rs coming from the distant 
objects strike tiie suifiioe of the water yery obliquely, and a sui&cient number 
are reflected to make a sensible impreaBk>n upon the eye; while the ra3rB pro- 
ceediag firom near objects strike tli^ water with little obliquity, and the light 
reflected is not sufficient to make a sensible impression upon the eya 

This fiict may be dearly seen by reference to Fig. 240. 

Pig. 24a 




Let S be the position of &e q>ectator; and B Uie position of distant 
objects. The rays R and B B which proceed fix>m them, strike the surfaoa 
of the water very obliquely, and the light which is reflected in tbe direction 
B S is sufficient to make a sensible impression upon the eye. But in regard 
to objects, such as A, placed near the spectator, they are not seen reflected, 
because the rays A B' which proceed from them strike the water with but 
little obliquity ; and consequently, the part of their light which is reflected 
in the direction B' S, toward the spectator, is not sufficient to produce a senr 
sible impression upon the eye. 

What iB fhe 668. If an object be placed 'between two 
^^ei'^'piSie pl^'ne mirrors, each will produce a reflected 
mirrors f image, and will also repeat the one reflected 

by the other — the image of the one becoming the object 
for the other. A great number of images are thus pro- 
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duced; and if the light were not gradually weakened by 
lo6s at each successive reflection^ the number would be in- 
finite. 

If the mirrors are placed so as to form an angle with eadi other, the nnm- 

ter of mutual reflections will be diminished^ proportionably to the extent of 

the angle formed by the mirrors. 

^ _.. ^. The constroction of the optical iaatrament called the Kalei- 

Describe the , . , , . , , 

KaieidMQope. doscope IS based smiply upon the multiphcation of an miage 

by two or more mirrors inclined toward each other. It oon- 

siflts of a tube containing two or more narrow strips of looking-glass, which 

ran through it lengthwise, and are generally inclined at an angle of about 

66^. If at one end of the tube a number of small pieces of colored glass 

and other similar objects are placed, they will be reflected fix)m the mirrors 

in such a way as to form regular and most elegant combinations of figures. 

An endless variety of symmetrical combinations may be thus formed, since 

every time the instrument is moved or shaken the objects arrange themselves 

dififerentiy, and a new figure is produced. 

Upon the surface of smooth water the sun, when it is nearly 

vertical, as at noon, appears to shine upon only one spot, 

all the rest of the water appearing dark. The reason of this 

is, that the rays &11 at various degrees of obliquity on the 

water, and are reflected at similar angles ; but as only those 

which meet the eye of the spectator are visible, the whole sur- 

&ce will appear dark, except at the point where the reflection occurs. 



Why does the 
Ban appear at 
noon to shine 
at only one 
point npon the 
surface of 
iraterf 



ri(J. 241. 



Thus, in Fig. 241, of the rays 
S A, S B, and S 0, only the ray 
S meets the eye of the specta- 
tor, D. The point C, therefore, 
will appear luminous to the spec* 
tator D, but no other part of the 
surface. 

Another curious optical pheno- 
menon is seen when the rays of 
the sun, or moon &11 at an angle 
upon the surface of water gentiy 
agitated by the wind. A long, 
tremulous path of light seems to 
be formed toward the eye of the 
spectator, while all the rest of the 
sur&ce appears dark. ^ The reason 
of this appearance is, that every littie wave, in an extent perhaps of miles, has 
some part of its rounded surface with the direction or obliquity which, accord- 
ing to the required relation of the angles of incidence and reflection, fits it to 
reflect the light to the eye, and hence every wave in that extent sends its mo- 
mentary gleam, which is succeeded by others. 
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What is a Con- 
care Mirror 1 



664. A concave mirror may be considered 
as the interior surface of a portion, or segment 
of a hollow sphere. 

This 13 clearly shown in Pig. 242. 

A concave mirror may be represented by a bright spoon, or the reflector of 
a lantern. 

Howareparai- When parallel rays of light fall upon the 
cdflSS'a^con" surface of a concave mirror, they are reflected 
cavemirrorf ^jj^ causcd to couvergc to a poiut half way 
between the center of the surface and the center of the 
curve of the mirror. This point in front of the mirror is 
called the principal focus of the mirror. 



Ym, 242. 



;-i^ 



i 




Thus, in Fig. 242, let 1, 2, 3, 4, etc., be 
parallel rays falling upon a concave mir- 
ror; they will, after reflection, be found con 
verging to the point o, the principal focus, 
which is situated half way between the 
center of the surfooe of the muror and 
the geometrical center of the curve of the 
mirror, a. 
Why are con. 665. CoUCave t—U- 

Sredb"r"?n" ^irrors are some- t — i^ 
mirrors? times designated "^ 

as "Burning Mirrors," since 

the rays of the sun which fall upon them parallel, are re- 
flected and converged to a focus (fire-place), where their 
light and heat are increased in as great a degree aB the 
area of the mirror exceeds the area of the focus.* 

666. Diverging rays of light issuing from a 

In what man- , ^ , ^ i i . /? l-i 

ner arediverg- lumiuous body placcd at thc ccntcr 01 tne curve 
flSted^SonTlI of a concave spherical mirror, will be reflected 
ror ? ' back to the same point from which they diverged. 

* A baming mirror, 20 inches in diameter, constmeted of plaster of Paris, gilt and bnr- 
Dished, has been foand capable of igniting tinder at a distance of 60 feet It is related 
that Archimedes, the philosopher of Syracnse, employed burning mirrors 200 years before 
the GhrisUan'era, to destroy the besieging navy of Marcellas, the Roman consul ; bis 
mirror was probably constructed of a great number of flat pieces. The most remarkable 
experiments, however, of this nature, were made by Buffon, the eminent French nataml- 
ist, who had a machine composed of 168 small plane mirrors, so arranged that they all 
reflected radiant heat to the same focus. By means of this combination of reflecting sur- 
faces he was able to set wood on fire at the distance of 209 feet, to melt lead at 100 feet, 
and silver at 50 feet. 
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Fig. 2431 Thus, if A B, Fig. 243, were a concave spheri- 

cal mirror, of wbich were the center, rajs issu- 
ing from G would, in obedience to the law that 
the angle of .incidence and reflection are equal, 
meet again at 0. 

Diverging rays falling on a spheri- 
cal concave mirror, if they issue from 
the principal focus, half way between the center of the sur- 
face and the center of the curve of the mirror, will be re- 
flected in parallel lines. 

Thus, in Fig. 244, if F represent a can- ^Wt 24A, 

die placed before a concave mirror, ABO, 

half way between the center of its surface, 

B, and the center of its curve, C, its rays, 

&lling upon the mirror, will be reflected ^ 

in the parallel lines d efg h. 

This principle is taken advantage of in 

the arrangement of the illuminating and 

reflecting apparatus of light-houses. The lamps are placed before a concave 

mirror, in its principal focus, and the rays of light proceeding from them are 

reflected parallel from the sur&ce of the mirror. 

When the rays issue from a point, P, Fig. 
246, beyond the center, 0, of the curve of the 
mirror, they will, afl»r reflection, converge to 
a focus, / between the principal focus, F, and 
the center of the curve, 0. 

On the contrary, if the rays issue fit)m a 
point between the principal focus, F, and the 
surface of the mirror, they will diverge afler 
reflection. 

667. Images are formed by concave mirrors 

HowareimsgM ... ^ ,, -i_xxi- 

formed by con- m the samo manner as by plane ones, but tney 
" are of difierent size from the object, their gen- 
eral eflfect being to produce an image larger than the 
object. 

When an object is placed between a concave 
mirror and its principal focus, the image will 
appear larger than the object, in an erect posi- 
tion and behind the mirror. 
Thia will be apparent from Fig. 246. Let a be an object situated 
withm the focus of the mirror. The rays from its extremities will fall 
divergent on the mirror, and be reflected less divergent to the eye at (, 
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Fig. 24T. 




Fio. 246. as though the j proceeded fixxn aQ ob- 

ject behind the mirror, as at A. To an 
eye at b also, the image will appear 
larger than the object €k, since ihe an^ 
vision is larger. 

If the rays proceed from a distant \)od^i 
\ as at E D., Fig. 247, beyond the cen- 
J. tar, C, of a spherical concave mirror, A B, 
sr-=-'-^ they will, after reflection, be converged to 
a focus in front of Hie minor, and some- 
what nearer to the obiter, C, than the prin- 
cipal focus, and there paint upon any 
substance placed to receive it, an im- 
a^ inverted, and smaller than the object ; 
this image will be very bright^ as all the 
light incident upon the mirror will be gath- 
ered mto a small space. As the object 
approaches the muror, the image recedes 
from it and approaches C ; and when situ- 
ated at C, the center of the curve of the mirror, the image will be reflected 
as large as the object ; when it is at any point between and/ supposing / 
to be the focus for parallel rays, it will be reflected, enlarged, and more dis- 
tant from the mirror than the object, this distance ^increasmg, until the ob- 
ject arrives at/, and then the image become^ infinite, the rays being reflected 
parallel* 

668. When an object is further from the 
surface of a concave mirror than its principal 
focus, the image will appear inverted ; but 
when the object is between the mirror and its 
principal focus, the image will be upright, and 

increase in size in proportion as the object ifl placed nearer 

to the focus. 

The &ct that images are formed at the foci of a concave mirror, and that by 
varying the distance of objects before the sur&ce of the mirror, we may vary, 
the position and size of the images formed at such foci, was often taken ad- 
vantage of in the middle ages to astonish and delude the ignorant Thus^ 
the mirror and the object being concealed behind a curtain, or a partition, and 
the object strongly illuminated, the rays from the object might be reflected 
from the mirror in such a manner as to pass through an opening in the scre^ 
and come to a focus at some distance beyond, in the air. If a doud of smoke 

* In all the eases referred to, of the refleetion of light firom eoDcave mirrors, the aper- 
ture or carvature of the mirror is presumed to be inoonaiderahia. If it be iimrcaied be- 
yond a certain limit, the rayi of light incident upon it4tre modified in thtlr nfleetioa 
from its surface. 
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images reflect- 
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fitim bornizig' incense were caused to ascend at this pdnt, an image would be 
fonned upon it, and appear suspended in the air in an apparently supernatural 
manner. In this way, terrifying apparitions of skulls, daggers, etc., were 
produced. 

669. A Convex Mirror may be considered 
as any given portion of the exterior surface of 



'Wh&tisaCon- 
TexMinror? 

a sphere. 

Where is the 
priiu^^ focus 
of a conTez 
mirror? 
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The principal focus of a convex mirror lies 
as far behind the reflecting surface as in con- 
cave mirrors it lies before it. (See § 664) 
The focus in this case is called the virtual focus, because 
it is only an imaginary point, toward which the rays of 
reflection appear to be directed. 

Thus, let ab c d e, Fig. 248, be 
parallel rays incident upon a convex 
nurror, A B, whose center of curvature 
is 0. These rays are reflected diverg- 
ent, in the directions a' b' c' dl e', as 
though they proceeded from a pointy 
F, behind the mirror, correspondmg 
to the focus of a concave mirror. 

If the point C be the geometrical 
center of the curve of the mirror, the 
point F win be half way between 
and the surface of the nHrror ; as this 
focus is only apparent, it is called the virtual ^us. 

Kays of light falling upon a convex mirror, 
diverging, are rendered still more divergent by 
reflection from its surface ; and convergent 
rays are reflected, either parallel or less con- 

FlG. 249. 

670. The general effect 
of convex mirrors is to 
byconTexmir- producc au image smaller 
than the object itself. 

Thus, in Fig. 249, let D E be an object placed 
before a convex mirror, A B ; the rays proceed- jf 
ing from it will be reflected from the convex sur^ 
fece to the eye at H K, as though they proceeded 
from an object, d e, behind the mirror, thus pre- 
senthig an image smaller, erect, and much nearer 
the mirror than the object. 



How are di- 
verging and 
converging 
rays reflected 
from a convex 
mirror? 

vergent. 

What is the 
nature of the 
images formed 
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Thus the globular bottles filled with oolorod liquid, in the window of a 
drag-Btore, exhibit all the variety of moving scenery without, such as cai^ 
riagea, carta, and people moving in different directions: the upper half of 
each bottle exhibiting all the images inverted, whQe the lower half oxhibitB 
another set of them in the erect position. 

Convex mirrors are sometimes called diepersing murors, as all the raya of 
light which fidl upon them are reflected in a diverging direction. 

wh»t !■ €•- 671. That department of the science of 
toptriM? optics which treats of reflected light, is often 
designated as Catoptbics. 

SBOTION II. 

BBFBACTIOK OF LIGHT. 

What ii meant ^^^^ traverscs a given transparent snb- 
by^the refaw- stancc, Buch as air, water, or glass, in a straight 
line, provided no reflection occurs and there is 
no change of density in the composition of the medium ; 
but when light passes obliquely from one medium to an- 
other^ or from one part of the same medium into another 
part of a different density, it is bent from a straight line, 
or refracted. 

What Is a me- 672. A mcdium, in optics, is any substance, 
diumiaopttes? g^jj^j^ liquid, Or gaseous, through which light 
can pass. 

A medium, in optics, is said to be dense or rare, according to its power of 
refracting light, and not according to its specific gravity. Thus alcohol, olive 
oil, oil of turpentine, and the like substances, although of less specific gravity 
than water, have a greater refinctive power ; they are, therefore, called denser 
media than water. 

673. The fimdamental laws which govern the refi'actioa of light may be 
stated as follows : 

What uwi gov- When light passes from one medium into 
SraSughtT" another, in a direction perpendicular to the- 
surface, it continues on in a straight line, with- 
out altering its course. When light passes obliquely from 
a rarer into a denser medium, it is refracted toward a 
perpendicular to the surface, and this refraction is in- 
creased or diminished in proportion as the rays fall more 
or less obliquely upon the refracting surface. 
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Fia. 260. 




Fig. 251. 



When light passes obliquely out of a denser into a rarer 
medium, it passes through the rarer medium in a more 
oblique direction, and further from a perpendicular to the 
8ur&ce of the denser medium. 

Thus, in Fig. 260, sappose n m to represent the 
sorface of water, and S O a ray% light striking 
upon its surface. When the ray S enters the 
water, it will no longer pursue a straight course, 
but will be refiacted, or bent toward the perpen- 
dicular line, A B, m the direction S 0. The denser 
the water or other fluid may be, the more the ray 
S H will be refracted, or turned toward A B. 
I If, on the contrary, a ray of light, H O, passes from 
the water into the air, its direction after leaving the water will be further from 
the perpendicular A 0, in the direction S. 

The effects of the refraction of 
light may be illustrated by the fol- 
lowing simple experiment ; — Let a 
coin or any other object be placed 
at the bottom of a bowl, as at m, 
ilg. 251, in such a manner that the 
eye at a can not perceive it, on ac- 
count of the odgQ of the bowl which 
intervenes and obstructs the rays of 
light. If now an attendant care- 
fully pours water into the vessel, the 

coin rises into view, just as if the bottom of the basin had been elevated 
above its real level This is owing to a refraction by the water of the rays 
of light proceedmg from the coin, which are thereby caused to pass to the 
eye in the direction i i. The image of the coin, therefore, appears at w, m the 
direction of these rays, instead of at m, its true position. 

A straight stick, partly immersed in water, appears to be broken or bent 

at the point of immersion. This is owing to the feet that the rays of light 

proceedmg from the part of the stick contained m the water are refracted, or 

Pia 262. caused to deviate from a straight Ime as they pass from the 

water into the air ; consequently that portion of the stick 

immersed in the water will appear to be lifted up, or to 

be bent in such a manner as to form an angle vdth the 

part out of the water. 

The bent appearance of the stick in water is represented 

I in Fig. 252. For the same reason, a spoon in a glass oi 

water, or an oar partially immersed in water, always ap- 

pears bent. 

On account of this bending of light from objects under water, a person who 
eadeavora to strike a fish with a spear, must, unless direetiy above the fish, 

14 
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aim at a point apparently below it, otherwise the weapon wilTmiss, by pass- 
ing too high. 

A river, or any clear water viewed obliquely from the bank, appears more 
shallow than it really is, since the light proceeding from the objects at the 
bottom, is refracted aa it emerges from the sur&ce of the water. The depth 
of water, under such circomstances, is about one third more than it appean, 
and owing to tHk optical deception, persons in bathing are liable to get be- 
yond tiieir depth. 

Light, on entering the atmosphere, is re- 
pheric refrac- fracteci in a greater or less degree, m propor- 
tion to the density of the -air ; consequently, 
as that portion of the atmosphere nearest the surface 
of the earth possesses the greatest density, it must also 
possess the greatest refractive power. 

What effect has ^lom this cause the sun and other celestial bodies are neTer 
refraction upon seen in their true situations, unless they happen to be verti- 
the v^f^^^ ^ ^ ♦ *^^ *^® nearer they are to the horizon, the greater will 

be the influence of refraction in altering the apparent place of 
any of these lummarie& 

This forms one of the sources of error to be allowed for in all astronomical 
observations, and tables are calculated for finding, the amount of refraction, 
depending on the apparent altitude of the object, and the state of the barom- 
eter and thermometer. When the object is vertical, or nearly so, this error 
is hardly sensible, but increases rapidly as it approaches the horizon ; so that; 
in the morning, the sun is rendered visible before ho has actually risen, and 
in the evening, after he has set 

For the same reason, mommg does not occur at the in- 
ea^* 5 twi- ^**^* ^^ *^® ®^^'^ appearance above the horizon, or night 
lights set in as soon as he has disappeared below it But both 

at morning and evening, the rays proceeding from the sun 
below the horizon are, in consequence * of atmospheric refiuction, bent 
down to the sur^ice of the earth, and thus, in connection with a reflect- 
ing action of the particles of the air, produce a lengthening of the day, termed 
twilight 

In what man- "^ *^® density of the air diminishes gradually upward from 
ner is Ught re- the earth, atmospheric refraction is not a sudden change of 
atmo^^ef* direction, as in the case of the passage of light from air into 

water, but the* ray of light actually describes a curve, being 
refi^ujted more and more at each step of its progress. This appKea to 
the light received from a distant object on the surface of the earth, which is 
lower or higher than the eye, as well as to that received from a celestial ob- 
ject since it must pass through air constantly increasing or diminishmg in 
density. Hence, in the engineering operation of leveling, this refraction must 
be taken into consideration. 
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ihii ^''*' •'^® application oi the laws of refracti6n of light ao- 
vhenomena of oount fi>r many curious deceptive appearances in the at- 
*^™8e- mosphere, which are included under the general name of 

Mirage. In these phenomena, the images of objects &r remote are seen at an 
elevation in the atmosphere, either erect or inverted. Thus travelers upon a 
desert) where the sur&ce of the earth is highly heated by the sun, are often 
deceived by the a^qpearance of water in the distance, surrounded by trees and 
villages. In the same manner at sea, the images of vessels at % great distance 
and below the horizon, will at times appear floating in the atmosphene. Sudi 
appearances are frequently seen with great distinctness upon the great Amer- 
ican lakes. These phenomena appear to be due to a change in the density of 
the strata of air which are immediately in contact with the surface of the earth. 
Thus it often happens that strata resting upon the land may be rendered much 
hotter, and those resting upon the water much cooler, by contact with the 
sur&ce, than other strata occupying more elevated positions. Bays, there- 
fore, on proceeding fix)m a distant object and traversing these strata, will be 
unequally reflected, and caused to proceed in a curvilinear direction; and in 
this way an object situated behind a hill, or below the horizon, may be 

brought into view and appear suspend* 
FIG. 263. ^4^ ed in the air. This may be readUy 

understood by reference to Fig. 253, 
Suppose the rays of light from the 
ship, S, below the horizon to reach 
the eye, afl»r assuming a curvilinear 
direction by passing through strata <^ 
air of varying density; then, as an 
In object always appears in the direction 
in which the last rays proceeding from 
it enter the eye, two images will be seen in the direction of the dotted 
Hues, one of them being inverted. 

These phenomena may be sometimes imitated. Thus, if we look along a 
red hot bar of iron, or a mass of heated charcoal at some image, a short dis- 
tance from it, an inverted reflection of it will be seen. In the same manner, 
if we place in a glass vessel liquids of different densities, so that they float 
one above another, and look through them at some object, it will be seen 
distorted and removed from its true place, by reason of the unequal refractive 
and reflective powers of the liquids employed. 

675. The angle of refraction of light is not, 
5 refriiti?* like the angle of reflection, equal to the angle 
SSteof'tod- of incidence; but it is nevertheless subject 
to a definite law, which is called the law of 




dence? 



Sines. 

What isa liner 



A sine is a right line drawn from any point in one of the 
lines inclosing an angle, perpendicular to the other line. 
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Pm. 264. Thus, in Fig. 244^ let AB be an angle; th^ 

a will be the sine of that angle, being drawn from 
a point in the line A B, perpendieular to the line 
B G. Two angles may be compared by means of 
their sines^ bnt whenever this is done, the lengths 
of the sides of the Migles mnst be made equal, be- 
cause the sine varies in length according to the length of the lines forming* 
the angle. 
The general law of reftaction is as follows: — 

When a ray of light passes from one medium 
general Uw of to anothcr, the sine of the angle of incidence 
is in a constant ratio to the sine of the angle 
of refraction. 

The proportion or relation between these sines differs when different media 
are used ; but for the same medium it is alwi^ the same. 

j«i^^ 266. ^^ ™ ^S' 255, let F E be the surfece of 

some refracting medium, as water, and H R, 
H'' R, rays incident upon it, at different angles ; 
ffi the former will be refracted in the direction 
B r ; a and b will be the sines of the angle 
of incidence, and e d the sines of the angle of 
refraction ; and the quotient arising from di- 
viding & by c, is the same as that from divid- 
ing a by d. In the case of air and water, 
the sine of the angle of incidence in the air 
win be to the sine of the angle of refraction 
in water as 4 is to 3 ; in any two other me- 
dia, a different ratio would be observed with equal constancy. 

The quotient found by dividing the sine of 
the angle of incidence by the sine of the angle 
of refraction, is called the index of refraction* 
As different bodies have different refractive powers, they will present di& 
ibrent mdioes, but in the same substance it is always constant Thnsi tiie 
refractive index of water is 1.336, of flint glassy 1.65, of the diamond, 2.4&7. 
Is light erer ^^ surface ever transmits all the light which £iQb npon it^ 
-rhoUj trans- hut a portion is always reflected. If, in a dark room, wo 
allow a sunbeam to fall on the sur&ce of water, the division 
of the light into a reflected and refracted ray will be clearly perceptible. 

,T . ^ . M When the obliquity of an incident ray passing through a 

Under whatcir- , ,. ^^ "^^ , ,, "^J^ ^ . ^ A * 

cumstaneeswill denser medmm toward a rarer (as thA>ugh water mto air), is 

such that the sine of its refracting angle is equal to 90^, it 

ceases to pass out, and is reflected from the sur&oe of the 

denser medium back mto it again. This constitutes the only known matance 

of the total reflection of light The phenomenon may be seen by looking 



i' 



What li 
index of 
fraction? 
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re- 



total reflection 
of light occur? 
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flirottgh the ddea of a tumble oontaming water, up to the eiiHaoe in an 
oblique direction, when the surface will be seen to be opaque, and more re- 
flectiye than any mirror, appearing like a sheet of burnished silver. 

No. law has jet been discovered which will enable us to 
2S^'^8^^?- judge of the reAw;tive power of bodies from their other quali- 
enee the re- ties. As a general rule, dense bodies have a greater refrao- 
oihoS^ff^^ tive power than those which are rare; and ihe refractive 
power of auy particular substance is uicreased or diminished 
in the same ratio as its density is increased or dimini^ed. Refractive power 
oeema to be the only property, exoept weight, whi(^ is unaltered by chemical 
combination; ao that by knowing the refractive power of the ingredients, we 
can calculate that of the compound. 

All highly inflammable bodies, such aS oils, hydrogen, the diamond, phos- 
phorus, sulphur, amber, camphor, etc., have a refractive power from ten to 
lAsven times %reater than that of inoombostible substances of equal density. 

Of all transparent bodies the diamond possesses the 
greatest refractive or light-bending power, although it is 
exceeded by a few deeply-colored, almost opaque miner- 
als. It is in great part from this property that the dia- 
mond owes its brilliancy as a jewel. 

Many years before the combustibility of the diamond was proved by ex- 
periment, Sir Isaac Newton predicted, from the circumstance of its high re- 
fractive power, that it would ultimately be found to be inflammable. 

If the surface of any naturally transparent body is made 
rough and irregular, the rays of light which fail upon it 
are refracted and reflected so irregularly, that they fail to 
penetrate and pass through the substance of the body, 
and its transparency is thus destroyed. 

Glass made rough on its surface loses its transparency; but if we rub a 
ground glass surface with wax, or any other substance of nearly the same 
optical density, we fill up the irregularities and restore its transparency. Horn 
is traoslafient^ but a hem shaving is nearly <^>aque. The reason of this is 
that the surfece of the shaving has been torn and rendered rough, and the 
rays of light fidlii^ upon it are too much reflected and refracted to be trans- 
mitted, and thereby render it translucent. On the same principle, by filling 
up the pores and irregularities of the surfiMie of white paper, which is opaque, 
with oil, we render it neariy transparent. 

Viow is refhws- Accordiug to the undulatory theory of light, 
tion accounted refraction is supposed to be due to an altera- 
tion in the velocity with which the ray of light 
travels. According to the corpuscular theory, it is ac- 
counted for on the supposition that different substances 
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exert different attractive influences on the particles of 
light coming in contact with them. 
whatisDiop. That department of the science of optics 
*^*** which treats of the refraction of light is termed 
Dioptrics. 

What ensues 676. When a ray of light passes through a 
J^?8 through transparent medium whose sides where the 
3id*rarfS!^?r "^y enters and emerges are parallel, it will 
suffer no permanent change of direction by 
refraction, since the second surface exactly compensates 
for the refractive effect of the first, 

YiQ^ 256, Thua let A A, Fig. 256, b^ a plate of 

glass, whose sides are parallel, and B a 
ray of light incident upon it ; it will be re- 
'firacted in the direction C D, and on leaving 
the glass will be refracted again, emerging 
in the line D E, parallel to tiie course it 
would have pursued if it had not been re- 
fracted at all, and which is shown by the 
dotted line. A small lateral displacement ia, 
however, occasioned in the path of the raj, 
depending on the thickness of the glass 
plate. 

This explains the reason why a plate of 
glass in a window whose surfaces are perfectly parallel, occasions no distor- 
tion, or alteration of the position of objects seen through it^ by reason of its 
refractive power. The rays suffer two refractions in contrary directions, which 
produce the same effect as if no refraction had taken place. 

What happen! I^ ^^^ surfaccs of the medium through which 
J^s through l^gl^* passes are not parallel, the direction of 
SSSfi^BMe^t every ray passing through it is permanently 
paraiieit altered, the change being greater as the incli- 

nation of the two surfaces is greater. 

Thus window-glass of unequal thickness displaces and distorts all objects 
seen through it Hence the singular distortion of objects viewed through that 
swelling, or lump of glass known as the " bull's eye," which is sometimes 
seen in the center of very coarse panes of glass, and which remains where 
the glass-blower's instrument was attached. 

What is a 677. Any glass having two plane surfaces 
^'^^ not parallel, is called a Prism. 
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As ordinarily oonstrcicted, a piiam is an Fig. 257. 

oblong, triangular, or wedge-sbapcd piece of 
glass, with sides inclined at any angle, as 
is represented in Fig. 257. 
Explain the«c On . looking through a 
tion of the prism, all objects are seen 
prism. removed from their true 

place. Thus, let CAB, Pig. 268, bo a prism, and D E a ray of light inci- 
FiQ. 258. dent upon it ; it will be refracted in 

the direction K F, and on emerginnr, 

c o- y\ will again be refracted in the direc- 

**•..,.._ / \ tioii F H ; and as objects always 

e/ ••••■^.Xf appear in the direction in which the 

— < ^ x ^^-^^ last ray enters tho eye, the object 

O^^^^ * ^"""^^ I> will appear at G, in the direction 

of the dotted line, elevated above its 
real position. If the refracting angle, A B, had been placed downward, 
the object would have appeared as much depressed. 

The prism, although of simple construction, is one of the most hnportant 
of optical instruments, and to its agency we are indebted for most of the in- 
formation we possess respecting the nature and constitution of light Tho 
beautiful and complicated results of its practical application belong to that 
department of optics which treats of the phenomena of color. 

678. A Lens is a piece of dass or other 
transparent substance, bounded on both sides 
by polished spherical surfaces, or on the one side by a 
spherical, and on the other by a plane surface. Bays of 
light passing through it are made to change their direc- 
tion, and to magnify or diminish the appearance of objects 
at a certain distance. 

How many There are six different kind s of simple lenses, 
i^^^i^roj ^11 ^^ which may be considered as portions of 
the external or internal surface of a sphere. 
Four of these lenses are bounded by two spherical sur- 
faces, and two by a plain and spherical surface. 

Fig. 259 represents sectional views of the six varieties of simple lenses. 

Explain the dif. -^ doublc couvcx Icus is bouudcd by two 
teJSIi.""*'*'^ convex spherical surfaces, as at A, Fig. 259. 

To this figure the appeUation of lens was first applied from 
its resemblance to a lentil seed (in Latin, lens). 

A plano-convex, or single convex lens has one side 
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bounded by a plane sui&ce, and the other bj a convex 
surface. It is represented at B, Fig. 259. 

Fig. 259. 




) 1 1 1 



A meniscus^ or concavo-convex lens is convex on one 
side and concave on the other, as at 0, Fig. 259. 

To this kind of lens the term " periscope" has recently been applied, from 
the Greek, signifymg to view on all sides. 

A double concave lens is concave upon both sides, as 
at D, Fig. 259. 

A plano-concave, or single concave lens, is bounded on 
one side by a plane, and on tHe other by a concave sur- 
face, as at E, Fig. 259. 

. A concavo-convex lens is bounded on one side by a 
concave, and on the other by a convex surface, as at P, 
Fig. 259. 

into how many The six varictics of simple lenses are divided 
£S5S? be"£ into two classes, which are denominated con- 
Tided? verging and diverging lenses, since the one 

class renders parallel rays of light falling upon them con- 
vergent, and the other class renders them divergent. 

In Fig. 269 A B C are converging, or collecting lenses, and D E F diverg- 
ing, or dispersing lenses. The former are thickest at the oen^r; the latt^ 
are thinner at the center than at the edges. 

In the first class it is sufficient to consider only the double-convex lens, 
and in the second dass only the double-concave lens, since the properties of 
each of these lenses apply to all the others of the same class. 

For optical purposes lenses are generally made of glass, but in some 
instances other substances are employed, such as rock-crystal, the dia- 
mond, etc. 

What is the ^^ ^^ ^^^ various kiuds of lenses there must 

optiad^oenter be a point throughwhich rays of light passiug 

experience no deviation ; or in other words. 
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the incident and emergent rays are parallel. Sudi a point 
is called the optical center of a lens. 
What is the ^^^ ^^^ ^^ ^ ^^^ ^ & Straight line passing 
axis of a lens? through the Center perpendicular to the sur- 
face of thalens. 

When is a lens ^ *^ ^°® ^'^ ^ situated the geometrical oentera ot the 
oonsiderad ez- two sor&ces of the lens, or rather of the gpfaeres of whidi 
aetly centered? they form portions. 

A lens is said to be trulj or exactly centered when its optical center is sit* 
uated at a point on the axis equally distant from corresponding parts of the 
sur&ce in e^ery direction ; as then objects seen through the lens will not ap- 
pear altered in position when it is turned round perpendicularly to its axis. 
• In what man- 679. Parallel rays of light falling upon a 
S^*"£KSid double-convex lens are converged to a focus 
ilwii ^^"^^^ ** * distance varying with the curvature of 
its sides. 

Fig. 260. ^he double-^ionvex lens may be regarded as 

two prisms, with curved surfaces, united at 

A their bases, as is represented in Pig. 260; 

^JBl^ *°^ as in a prism the ray of Kght refracted 

/^ -^---..^^^^ by it is always turned toward its back, or 

1^ -^^ thicker part (whether that be turned upward, 

HHv 'J.''^^'''^^ downward, or to either side), it follows that 

vB/''^ when parallel rays fall upon a double-convex 

W^ lens, or two prisms united at their bases, they 

will converge to a point 
What is the The point where parallel rays of light fall- 
Sr?^^ ing upon one side of a convex lens unite by 
lenst refraction upon the opposite side, is called the 

principal focus of a lens. 

What is the The distance from the middle of a lens to 
of*i?\eM?**°^ its principal focus, is called the focal distance 
of a lens. 

This in a single convex lens is equal to the. diameter of the sphere of which 
the lens is a portion ; in a double-convex lens it is equal to the radius, or 
semi-diameter of the sphere of which the lens is a portion. 

The focal distance of parallel rays falling upon a convex lens is repre- 
sented at A, Fig. 261. If the rays are converging, as at B, they will come 
to a focus sooner, and if diverging, as at C, the focus will be further from the 
' lens than for parallel rays. 

The focus of a convex lens may be easily found by allowing the rays of 
the sun to faU perpendicularly upon one side of it, while a sheet of paper is 

14* 
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On what prin- 
ciple may con- 
▼ez leniies 1m 
used as bum- 
ing-glaaaea? 




held on the other. A bright ring of light will Fio. 261. 

be observed on the paper, diminiahing or in- 
creasing in size according to the distance of 
the paper from the glass. If the former Js held 
in sach a manner that the ring of light is re- 
duced to a dazzling luminous point, as is rep- 
resented in Fig. 262, it is then situated in the 
focus of the glasa 

680. From their prop- 
erty of converging par- 
allel rays to a focus, 
convex lenses, like con- 
cave mirrors, may be used for the 

Fia. 262. production of high temperatures, by con- 

centrating the rays of the sun. 

The ordinary burning, or sun-glass, as is 4%preseated 
in Fig. 262, is simply a double-convex lens. By the 
employment of very large lenses, a degree of heat 
may be produced far exoeedmg that of the best con- 
structed furnace.* 

the employment of convex lenses as 
burning-glasses, the heat concentrated at the 
focus is to the common heat of the sun, as 
the area of the surface of the lens is to the 
area of the focus. 

Thus, if a lens four mches in diameter collects the sun's rays into a focus at 
the distance of twelve inches, the focus will not be more than one tenth of an 
inch in diameter ; its sur&oe, therefore, is 1,600 times less than the sur&ce 
of the lens, and consequently the heat will be 1,600 times gpreater at the focus 
than at the lens. 

681. The properties of a concave lens are greatly dif- 
ferent from those of a convex lens. 

Bays falling upon a concave lens are so re- 
coup of rayl fractcd in passing through it, that they diverge 
doS "^ TOn* on emerging from the lens, as though they 
care lens? issued from a focus behind it. The focus, 

* A lent of this character was oonstmcted many years since in England, three feet in 
diameter, with a focal distance of six feet eight inches. Exposed to the heat concentrated 
in the focus of this powerful instrument, the metals were instantly melted, and eyen rol- 
atilized, while quartz, flint, and the most refiractory earthy substances, were readily 
liquefied and caused to boil. 




How does the 
heat at the fo- 
ens of a bum- 
ing-^ass com> 

Eare with the 
eat of the sun? 
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Fig. 263. 



therefore, of a concave lens is not real, but virtual, as is 
the case with a convex mirror. 

Thus, in Fig. 263, 
the parallel rays, a h 
e d e, etc, &lling upon 
the double concave 
lens, L I/, are so re- 
ftacted in "passing 
through it, that they 
are made to divei^, 
as though proceeding 
fiom the pomt F, be- 
hind the lens. 

In a similar man- 
ner convergent rays are rendered less convergent, or even parallel 
Do convex 682. Imagcs are formed in the foci of con- 
tHhe^forJSJ! vex lenses in the isame way as in the foci of 
tion.fimageB? coHcavc mirrors. 

Tha<3, if we take a convex lens and place behind it, at a proper distance, a 
s'leet of paper, there will be depicted upon the paper beaiitifiilly clear and 
distinct images of all the objects in front of the lens, in an inverted position. 
The manner in which they are formed is illustrated in Fig. 264. 




Describe the 
foimation of 
imftges by the 
ooBvez lens. 



Fig. 264. 




Thus, let A B 
represent an ob- 
ject placed be- 
fore a double 
convex lens, E F. The rays 
proceeding fh)m «&., the top of • 
the object, will be converged 
by the lens and brought to a 
focus at D, where they will 
form an image; the rays pro- 
ceeding from B, the base of the object, will also be converged and brought 
to a focus at ; and so each point of the object, A. B, will have its corre- 
sponding image between C D. In this way a complete image will be formed. 

The image formed by a convex lens will ap- 
pear inverted, because the rays of light from 
the several points of the object cross each 
other in proceeding to the coiTCsponding points 
of the image. 

Thus, in Fig. 264, the ray, A E, proceeding from the top of the object and 
falling obliquely upon the lens, is refiracted into the course E D, and in like 
oianner the ray B F is refracted in the direction F C ; and as these rays cross 



Why are the 
images formed 
by convex 
lenses Invert- 
ed? 
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each other, the image of the arrow appears inverted. The central ray of light 
proceeding from the object in the direction of the axis G, and &Jling perpen- 
dicularly upon the surface of the lens, undergoes no refraction, but continues 
on in a direct course. 

The images thus formed by convex lenses may be rendered 
^e« fo^edbv ^IfflWe by being received upon white screens, or aoy ^(Qtabie 
conyez lenaea objects, OT direcUy by the eye^ when placed in a pn^»er posi' 
b^m«d« vial. ^^ ^ receive the rays. 

When, by the employment of the convex lens as a b^mni|^- 
glass, we oonoentrate on any suitable surface, the sim's rays to a focus, the little 
htminous spot^ or cfaxde formed, is reaHy an imags^ or picture of t^ sun 
itselt 

Why are eon- 6^3. Oonvcx l6Q(M», Bfi aidiaorily used, Bte 
•Au^ySg called magniiying-glasses, because they in- 
gumm? crease the apparent size of the objects seea 

throagh them. • 

The reason of this is, that the lens so alters^ 
wmx ^im by refraction, the direction of the r^^ys of ligbt 
"**°^ proceeding fh)m an object, that they enter the 

eye as if they came from points more distant from each 
other than is actually the case, and hence the object ap- 
pears larger, or magnified. 
,^ ^ On the contrary, the concave lens, which 

Why does a ^ ^' . «. .* 

jojjjwjj^ 1^ produces an exactly opposite effect upon tke 

SFS'Sweot^ .rays of light, causes the image of an object 

seen through it to appear smaller. 

On the same principles also, concave minors magnify, and convex mhroni 
diminish the images of objects reflected from their sui&oes. 

Hence the magnifying or diminishing power 

fhe mapifvmg of leuscs is uot, as is often popularly supposed^ 

power of leomr due to the peculiar nature of the glass of 

which they are made, but to the figure of their 

surfaces. 

The double convex lens, inclosed in a convenient settii^ of metal or horn, 
is extensively employed by watch-makers, engravers, etc., with whom it 
passes under the general name of lens. 

How may con. ^84, In addi^ftou to thc effect which convex 
de^dSt'ob- lenses produce by magnifyiog the images of 
Sects visible? objects, they are also capable of rendering 
distant objects visible which would be invisible to the 
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Explain more 
fully the action 
of iho convex 
tens in this re- 
spect? 



naked eye, by causing a greater number of rays of light 
Ijroceeding from them to enter the eye. 

The light which produces vision, aa will bo more fully ex- 
plained herealter, enters the eye through a circular opening 
called the pupjl, which is the black circular spot surrounded 
by a colored riug, appearing in the ceuter of the front of the 
eye. Now, »8 the rays of light proceeding from an object 
diverge or spread out in every direction, the number which will enter the eye 
will be hmited by the size of the pupil. At a great distance from an object, 
as will be seen in Fig, 265, few rays will enter the eye ; but if, as in Fig. 266, 
we place before the eye a convex lens- of moderate aize, a large number of 
the diverging rays will be collected and concentrated into a single pomt or 
focos behind it, and thus afford to the eye occupying a proper position sufi^ 
cient light to enable it to see the distant object distinctly. 

Fia. 265. 




Fia 266. 

In VkB maimer a ooocave miiTOr, by caoong divergent rajs which fall 
upon the surface to become oonvergent, may be used to produce tiie came ef- 
fect, as is shown m Fig, 267. 

Fig. 26T. 




SECTION III. 

T5B ANALYSIS^ OP LIGHT, 
686. It has, up to this point, been assumed, that light is a simple substance, 
and that all its rays, or parts, are refracted m precisely the same manner, and 
therefore suflTer the same changes when acted upon by transparent media. 
This, however, is not its constitution. 
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What is the White light, as emitted from the sun, or 
wWteu^Tr ^ from any luminous body, is composed of seven 
different kinds of light, viz,, red, orange, yel- 
low, green, blue, indigo, and violet, 
vniat is the The seven different kinds of light produce 
origin of Color? ^q^qj^ different colors, viz., red, orange, yellow, 
green, blue, indigo, and violet. These seven colors are 
called primary colors, since by the union or mixture of 
some two or more of them, all other colors, or varieties of 
color are produced. 
How is light The separation of white light into its sev- 

an^iyeed? ^^.^j parts is effected by means of a prism. 
When a fay of white light is made to pass through a 
prism, each of the seven rays of which it is composed 
are refracted, or bent out of their course differently, and 
form on an opposite screen or wall an image composed of 
bands of the seven different colors. 
What is the ^6' The image formed by a my of white 

Spectrum? jight passiug through a prism, is called the 
Solar, or Prismatic Spectrum. 

Fio. 268. 




The separation of a ray of solar liglit into different colored rays, by refrac- 
tion, is represented in Fig. 268. A ray of light, S A, is admitted through 
an aperture in a shutter into a darkened chamber, and caused to fall on a 
prism, P. The ray thus entering would, if allowed to pass unobstructedly, havo 
moved in a straight line to the point K, on the floor of the room, and there 
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fbnned a circular disc of white light ; but by the interposition of the prism 
the raj spreads out in a fan-shape, and forms an oblong colored image on the 
opposite wall. This image, called the solar spectrum, is divided horizontally 
into seven colored spaces, or bands, of unequal extent, which succeed each 
other in an invariable order, viz., red, orange, yellow, green, blue, indigo, violet 

.Upon wh*t does The Separation of the seven different rays 
S^irMto'^ht composing^ white light from one another, de- 
dependr pends entirely upon a difference in their re- 

frangibility in passing through the prism ; those which 
are refracted the least falling upon the lowest part of the 
screen, and those which are refracted the most upon the 
upper part. 

Thus the red rays, whicli are the least refhicted, or the least tamed from 
their course by the prism, always occur at the bottom of the spectrum, while 
the violet, which is the most refracted, occurs at the top ; the remaining colors 
being arranged in the intermediate space in the order of their refrangibility. 
wiiat additional The Bcven different rays of light, when once 
Sf^the ^mpoTi! separated and refracted by a prism, are not 
Ught?**^ ''^^ capable of being further analyzed by refraction ; 
but if by means of a convex lens they are col- 
lected together and converged to a focus, they will form 
white light. 

If the spectrum formed by a prism of glass be divided into three hundred 
and sixty parts, it is found that tiie red ray, or color, occupies forty-five of 
those parts, the orange twenty-seven, the yellow forty-eight, the green sixty, 
the blue sixty, the indigo forty, and the violet eighty. 

If we take a circle of paper and paint upon it in divisions of proportionate 
size the seven colors of the spectrum, and then cause it to rotate rapidly about 
a center, the colors by combination will impart to it a white s^pearance.* 
Prom this and other experiments, therefore, it is inferred that light which we 
call colorless, or white (as that coming immediately from the sun), really con- 
tains light of all possible colors so mixed as to neutralize each other. 

687. The separation of the different rays of light which 
takes place in their passage through a prism, is designated 
by the term Dispersion. 

Explain what "^^^ order of refrangibility of the seven different rays of 

ismeaDtbythe light, or the arrangement of the seven colors in the spec- 

ei^^'^dSerent *™™» ^^ always the same and invariable, whatever way the 

sabstanoes. prism may be turned ; the lower end of the spectrum being 

• It is very common to find it stated in books of science that by mixing powders of the 
seven different colors together a white, or grayish-white compound may be produced. 
The experiment, is not, however, satisfactory. 
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red, which passes upward into oraage, tlieii into jdlow, then g^reen, btea^ 
indigo, and violet, which is at the upper end. 

Dissimilar substances, however, produce spectra of different lengths, onto- 
count of a diflference in th^ refractive properties. Thus a ray of light ka- 
versing a prism of flint-glass, will have its red abd violet cokm separated on 
a screen twice as widely as those of a raj passing through a similar prism 
of crown-glass. This difference is expressed by saying that the dispeisire 
power of the two substances is different, or that flint-glass has twice the dia* 
persive power of crown-glass^ 

«m not J^ ^ loDS ™Ay ^ considered as a modification of fte 
an ordinary prism, it follows that when light is cefracted through a leas, 
iSfeSl^^? it is separated into the different colors, predsely as by a 
prism ; and as every ray contained in white light is refracted 
differently, every lens, of whatever substance m^e, will have a difierent fixna 
for every different color. The images, therefore, of such lenses will be more 
or less indistinct, and bordered with colored edges. This imperfection is 
termed chromatic aberration. 

For this reason the focus of a burning-glass, which is an optical image of 
the sun, is never perfectly distinct^ but always confused by a red, at Une bor- 
der, smce the various-colored rays of which sunlight is composed, osn not 
all be brought to the same focus at once. In a like manner, if we point a 
common telescope at a blue and red hand-bill at a short distance, we shall 
have to draw out the tube of the instrument to a greater length in order to 
read the red than the blua letters. . 

ExDiain th Thosc fringes of Color are a most serious obstacle to the 

eonstruction of perfection of optical instruments, ees>eciaily in astron<XDical 
an adiromatio telescopes, where great nicety of observation is required ; and 
to prepare a lens m such a way that it would refract light 
without at the same time dispersing it into colors, was long considered an im- 
possibility. 

The discovery was, however, made by Mr. Dollond, 
an Englishman, that by combining two lenses, formed 
of materials which refract light differently, the one 
might be made to counteract the effects of the other; on 
the same principle as by combining two metals together 
which expand unequally, we may construct a pendu' 
lum whose length never varies. 

Such a combination is represented in Fiar. 268, where 
a convex lens of crown glass is united with a concave 
lens of flint glass, so as to destroy each the dispersive 
power of the other, while at the same time the refract- 
ing, or converging power of the convex lens is pre- 
served. A lens of this character is called Achro- 
matic,* since it produces images in their natural 
colors. 
* Aehromatic, from a, not* and xp^f^^y color. 
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THE ANALYSIS OF LIGHT. 329 

whatisgpiieri. LenseB 8^re also subject to another imperfec- 
ta aberrationr ^j^j^^ which is Called Bphcrical aberration. This 
arises from the fact that the curved surface of a lens is at 
* unequal distances from the object and fix)m the screen 
which receives the image formed at its focus ; and hence, 
if one point of the image is perfect, another point is less 
so, owing to a difference in the convergence of the rays 
coming from the center and the edges of the lens. 

Thus, if the image is received on a screen of ground glass^ it will be found 
ifaat; when the pictore is weB defined at the center, it will be indiatfaict at the 
edges; bixt by bnnging the lens nearer the sdeen, Ihe edges of the image 
will be more sharply defined, but the middle is indistinct To make the im- 
age perfect, therefore, the marginal portions of the lens should be covered with 
a cirdet of paper, so as to permit those rajs only to pass which lie near the 
axis of the lem. This plan, however, impairs the bri^tness of the image. 

When tlio image formed by ttxQ lens is small, the efiect of spherical aberration 
is scarcely noticed, and by combination of lenses of different refractive jwwers, 
it may be almost entirely overcome. 

688. The various rays composine: solar light 

Are^U the rays . *^ ^ , 

ofiirfitequatij are not all equally luminous, that is to say, 
they do not ap|)ear to the eye equally hriiliant. 
The color most visible to the human eye is yellow. 

The luminous intensity of tho different colored rays of light may be ex- 
pressed numerically as follows: — Red, 94 j orange, 640; yellow, 1,000; 
green, 480; blue, 170; indigo, 31; violet, 6.* 

689. According to some authorities, white solar light 
consists of only three colors — red, yellow and blue, which, 
by combining, produce the other four colors, orange, 
green, indigo and violet. 

whataresomo- ^^^> ycUow, and blue, are, therefore, some- 
times called tbe times Called the simple colors. 

simple colors? -^ 

Thus, by the union of red and yellow, we may produce 
orange; by yellow and blue, green; by blue and red, violet; indigo being 
considered as merely a shade of blue. Bed, yellow, and blue, on the contrary, 
can not be produced by the mingling of any two other colors. 

When blue and yellow powders are mixed together, blue and yellow rays 
are reflected to the eye from the minute particles, but the two colors are so 

* It 'would appear, from namerous observatioTis, tbat soldiers are shot daring battle 
aeeording to the color of their dress in the following proportion : — red, 12 ; dark green, 7 ; 
brovn, 6; bluisb graj, 5. Bed is therefore the most fatal color, and a light gray the 
least sQb 
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mingled that the eye only notices the combined effect, which \a green. If we 
now examine the same mixture with a microscope, the blue and yellow par- 
ticles will be seen separately, and the green color will disappear, 

690. The natural color which an object- 
ura^ objects exhibits whcn exposed to the light, depends 
Upon the nature and arrangement oi the par- 
ticles of matter of which it is composed, and is not the re- 
stilt of any quality inherent in the object itself 

Bodies which naturally exhibit color have, by reason of 
a certain peculiar arrangement of their surfaces, or mole- 
cular structure, a greater preference for some qualities of 
light than for others. If the body is not transparent, it 
wiU reflect certain rays of light fix)m its surface, and ap- 
pear of the color of the light it reflects ; if the body is 
transparent, it will allow only certain rays to pass through 
its structure, and will consequently appear of the color of 

the light it transmits. 

Thus a red body appears red because it reflects or transmits the red ray of 
solar light to the eye; and a yellow body appears yellow because yellow 
light is reflected or tmnsmitted by its surface or structure more powerfully 
than light of any other color; and so on through all the colors. 

It is not, liowever, to be understood that colored bodies reflect or transmit 
only pure rays of one color, and perfectly absorb all others; on the contrary, 
it has been found that a colored body reflects, in great abundance, those rays 
of light which determine its particular color, and also tl>e other rays whidi 
make up white light m a greater or less degree, in proportion as they more 
or less resemble its color m the order of their refrangibility. 

Some substances have no preference for any one quality of 
StoriJ^*whtJ light more than another, but reflect or absorb them all 
^^*®'vi v?* equally: such are caUed neutral, or colorless bodies. Those 
TThen bliick? g^^^^ ^hich reflect all the rays of light whicji M upon 
them appear white ; those which absorb aU the rays appear black. 

In the dark there 'is no color, because there is no light to be absorbed or 
reflected, and therefore none to be decomposed. 

A glass is called red because it allows the red rays of light to penetrate 
through a greater thickness of its substance than the other rays ; but at a cer- 
tain thickness, even the red rays would be absorbed like the rest, and we 
^ should call the glass black. 

No body, unless self-lummous, can appear of a color not existing in the 
light which it receives. This may be proved by holding a colored body in a 
ray of light which has been refracted by a prism, when the body will appear 
of the* color of the ray in which it is placed; for since it receives but one col- 
ored ray, it can reflect no other. 
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May the color 691. By changing the structure or molecu- 
?han^^ by lar arrangement of a body, the color which it 
SUfflfr***^ exhibits may be often changed also. 

Illustrations of this principle are firequently seen in chem- 
ical compoundsL The iodide of mercury is a beautiful scarlet compound, which, 
when gently heated, becomes a bright yellow, and so remains when undis- 
turbed. If, however, it is touched, or scratched with a hard substance, as 
with the point of a pin, its particles turn over, or readjust themselves, and 
resume their original red color. Chameleon mineral is a solid substance pro- 
duced by fusing manganese' with potash ; when dissolved in water, it changes, 
according to the amount of dilution, from green to blue and purple. Indigo 
also^ spread on paper and exposed to heat, becomes red. 

692. Some bodies have the power of reflecting from their 
surfaces one color while they transmit another. 

This is the case with the precious opal. A solution of quinine in water 
containing a little sulphuric add, is colorless and. transparent to the eye look- 
ing through it, but by looking at it, it appears intensely blue. An oil ob- 
tained in the distillartion of resin transmits yellow light, but reflects violet 
light Smoke reflects blue light, but transmits red light. These phenomena 
result from a peculiar action of the surface or outer layer of the substance 
of the body on some of the rays <^ light entering it, and have received the 
name of epipoliCj or sur&ce dispersion. 

Deepness of color proceeds from a deficiency, rather than from an abund- 
ance of reflected rays : thus, if a body reflects only a few of the red ray^, it 
will appear of a dark red color. When a great number of rays are reflected, 
the color will appear bright and intense. 

If the objects of the material world had been illuminated only with white 
light, all the particles of which possessed the same degree of refrangibility, 
and were equally acted upon by all substances, the general appearance of 
nature would have been dull, and all the combinations of external objects, 
and all the features of the human countenance would have exhibited no other 
variety than that which they posses in a pencil sketch or India-ink drawing. 

What are com- 693. Any tWO COlorS whioh are able, by com- 

plementary bining, to produce white light, are termed 
complementary colors. 
Each color of the solar ray has its complementary color, 
for if it be not white, it is deficient in certain rays that 
would aid in producing white. And these absent rays 
compose its complementary color. 

The relative position of complementary colors in the prismatic spectrum may 
be determined as follows: Thus, if we take half the length of a spectrum by 
a pair of compasses, and fix one leg on any color, the other leg will £dl upon 
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its oomplementaiy color, or upon the one which added to the first viH pro- 
duce white light The complementary color of red is bluish green ; of 
orange is blae; of yellow ia indigo; of green is reddish violet; of blue ig 
orange red ; of indigo is orange yellow ; of violet ia yellow green ; of bladL is 
wliite ; of white is black. 

Complementaiy colors may be seen by fixing the eye steadily upon any 
colored object, such as a wafer upon a sheet of white paper. A riog of col- 
ored light will play round the wafer, and this rmg will be complementaTy to 
the color of the wafer. A red wafer will give a green ring,^ blue wafer an 
orange-cdored ring, and so on. Or if, after having regarded the colored wafer 
steadily for a few moments, the eye be closed, or turned away, it will retain 
the impression of the wafer, not in its own, but in its complementary color; 
thus a red wafer wiU £^ve a green ray, and so on. 

In like manner, if we look at a red hot fire for a few minutes, every object 
as we turn away appears tinged with bluish green. 

The art of harmonizing and contrasting colors is intimately connected with 
the principles of complementary colors. 

How do eoion EvGiy color placcd beside another color is 
^J^^f changed, and appears differently from what it 
does when seen alone ; it equally modifies, 
moreover, the color with which it is in proximity. 

As a general rule, two colors will appear to the best 
advantage when one is complementary to the other. 

Thus, if a dress is composed of cloths of two colors, the one complementary 
to the other, as red and green, orange and blue, yellow and violet, they will 
mutually heighten the effect of each, and make each portion appear to the 
best advantage. For this reason, a dress composed of cloths of different 
colors, looks well for a much longer time, although worn, than ono of a single 
color, the character of the fabric being the same in both instances. 

A suit of clothes of one color can be worn to advantage only when it is 
new, because as soon as one portion of the suit loses its freshness firom hav- 
ing been worn longer than another, the difference will increase by contrast 
Thus a pair of new black pantaloons worn with a vest of the same color, 
which is old and rusty, will make the tinge of the latter appear more con- 
spicuous, and at the same tune the black of the pants will appear mcae 
brilliant. White and other light-colored pantaloons would produce a contrary 
effect 

In printing letters on colored paper, the best effect will be produced when 
the color of the paper is complementaiy to the ink; blue should be put upon 
orange, and red upon green. 

Stains will be less visible on a dress of different colore than on one ooift- 
posed of only a single color, since there exists m general a greater contrast 
among the various parts of the first-named dress, than between the stain and 
the adjacent part, and this difference renders the stain less apparent to ttiC ey©» 
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In the gmaping of flowers in gardens, and in the preparation of bouquets^ 
the most pleasing efifects will be produced by placing the blue flowers next 
to the orange, and the Tiolet next to the yellow. White, red, and pink 
flowers are never seen to greater advantage than when surrounded with green 
leaves, or white flowers ; on the other hand, we should always separate pink 
flowers from those that are either scarlet or crimson ; orange, fi-om orange- 
yeHow flowers ; yellow flowers from greenish-yellow flowers ; blue from violet- 
blue^ red ttom orange, pink from violet. 

By grouping colors together which are not complementary, or which do not 
rightiy contrast with each other, we produce a discordant efiect upon the eye, 
analogous to the discord which is produced upon the ear by mstruments out of 
tune. It is always necessary that, if one part of the dress be highly ornamented, 
or consists of various colors, a portion should be plain,no give repose to the eye. 

Black being the oomplementaiy color of white, the efiect of black drapery 
upon the color of the skin or face is to make it appear pale, or whiter than it 
usually is. ^ 

The optical effect of dark and black dresses is to make the figure appear 
smaller; hence it is a suitable Color for stout persons. On the contrary, white 
and light-colored dresses make persons appear larger. Large patterns or de- 
signs upon dress, make the figure appear shorter: longitudinal stripes, if not 
too wide, add to the height of the figure ; horizontal stripes have a contrary 
tendency, and are veiy ungraceful* 

whidisaKidn- 694. The Rainbow is a semicircular band 
^^^ . or arch, composed of the seven different colors, 
generally exhibited upon the clouds during the occurrence 
of rain in sunshine. 

nowiannia- The raiubow is produced by the refraction 
bow produced? ^^ reflection of the solar rays in the drops of 
falling rain. 

* The floaowing curious facts are known to persons employed in trade :— " When a pnr- 
cihaaer has for a considerable time looked at a yeUow fabric, and is then shown orange or 
teariet stnflh, he considers them to be amaranth-red, or crimson, for there Is a tendency 
in the eye, esdted by yeHow, to see violet, whence all the yellow of the scariet or orange 
doth ditappean, and the eye sees red, or red tinged with scarlet* Again, if there are 
presented to a boyer, one after another, fourteen pieces of red. cloth, he will consider the 
last six or seren less beantiflil than those first seen, although the pieces be identically the 
tame. Kow what is the cause of this error in judgment? It is that the eyes having 
Men seven or eight red pieces in succession, are in the same condition as if they had 
regarded fixedly dating the same period of time a single piece of red cloth ; they have 
then a tendency to see the oomplementary color of red, that is to say, green. This tend- 
encj goes, of neceesity, to enfeeble the brilliancy of the red of the pieces seen later. In 
order that the merchant may not be the sufferer by this failing of the eyes of his cus- 
tomer, he must take eaire after having shown the latter seven piec?s of red, to present to 
him lome pleees of gteen doth, to restore the eyes to their natural state. If the sight of 
the green be sufflcientiy prolonged to exceed the normal state, the eyes will acquire* 
tendency to see red ; then the last seTon pieces wiU appear more beantifUl than the 
oiher8.**-.C%evrsttI on Color, 
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What experi- 
ments prove 
the decomposi- 
tion of light by 
drops of wa- 
terf 



695. Rainbows are also foFmed when the sun ehines upon drops of water 
falling in quantity from fountains, waterfalls, j)addle-wheels, etc. 

That the rainbow results from the decomposition of the solar 
rays by drops of water, may be proved by the following sim- 
ple experiment: — ^If we take a glass globe filled with water, 
and suspend it at a certain height in the solar rajrs above the 
eye, a spectator standing with his back to the sun will see 
the refraction and reflection of red light; i? then, the globe be lowered 
slowly, the observer retaining his position, the red light will be replaced 
by orange, and this in its turn by yellow, and so on, the globe at dif- 
ferent heights presenting to the eye the seven primitive colors in succ^ion. 
If now, in the place of the globe occupying different positions, we sub- 
stitute drops of water,^we have a ready explanation of the phenomena of 
the rainbow. 

Drops of rain, suspended to grass or bushes, may be fi^uently found to 
appear to the eye of a bright red; and by slightly changing the position of the 
eye, the colors of the drop may be msAe to appear successively yellow, green, 
blue, violet, and also colorless. This also proves that rays of light, idling in 
certain directions upon drops of water, are refracted thereby and decomposed 
into colored rays that become visible to the eye when it is situated in the 
proper direction. 



Pig. 269. 



The principles of the 
formation of the rain- 
bow may be further 
illustrated by Fig. 269. 
Let A B and be three 
drops of rain; S A, 
S B, and S C, three 
rays of the sun. The 
ray S A, by refraction, 
is divided into three 
colors; the blue and 
yellow are bent above 
the eye, B, and th» 
red enters it 

The ray, S B, is di- 
vided into three col- 
ors ; the blue is bent above the eye, and the red &lls below the eye D, but 
the yellow enters it 

The ray, S 0, is also divided into three colors. The 4)lue (which is 
bent most) enters the eye, and the other two &11 below it Thus the 
eye sees the blue of C, and of all drops in the position of 0; the 
yellow of B, and of all drops in the position of B; and the red of A, 
and of all drops in the position of A. The same may- be also inferred 
respecting the other four colors of the spectrum; and thus the eye 
a rainbow. 




to see a rain- 
bow? 
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What are the ^^® rainbow Can be seen only when it rains, 
S2^S*S?^r ^^^ ^^ *^^^ point of the heavens which is op- 
posite to the sun. 

Heuce a rainbow is always observed to be sitixited in the 
west in the morning, and in the east in the afternoon. 

It is also necessary for the production of a rainbow 
that the height of the sun above the horizon should not 
exceed forty-two degrees. 

Hence we generally observe this phenomenon in the morning, or toward 
evening; and it is only in the winter, when the sun stands very low, that tho 
rainbow is sometimes seen at hours approaching noon. 

Is the same "^ *^® ^^^ ^^ ^^^^* ^^^^^ greatly in refrangibility, only a 
rainhow seen single and different-colored ray from e^h drop will reach the 
auke^bya Iper- gy^ ^^^^ spectator; but as in a shower there is. a succession 
of drops in all positions relative to the eye, the eye is en- 
abled to receive the diflferent-colored ' -pjQ 2Y0. 
rays refracted at different inclina- 
tions. This is clearly illustrated in 
Fig. 2 to, in which S represents 
rays of the sun falling upon sue- 
cesfflve drops, B, O, Y, G, B, I, V ; 
but a single colored ray, and a 
different one for each drop, will 
reach the eye. As no two spec- 
tators can occupy eza<;t]y the same 
position, no two can see the same 
color reflected from the same drop ; 
and consequently no two persons see the same rambow. 

In the formation of a rainbow each colored ray reflected 
bow^c^rcuSrlr" ^^ *^® faJlmg drops of rain, enters the eye at a different inclin- 
ation or angle. But the several positions of those dropsy 
which alone are capable of reflecting the same color at the same angle, to 
tho eye cofeEtitnte a drde, — and hence the bands of color which make up a 
rainbow, appear circular. 

What are pri- Two raiubows are not unfrequently observed 
Si^^^rJtol a* tli'6 same time, the one being exterior to, 
^""^^ and less strongly developed than the other. 

The inner arch, which is the brightest, is called the pri- 
mary bow, and the outer, or fainter arch, the secondary 
bow. The order of colors in the inner bow is also the re- 
verse of that in the outer bow. 
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Fig. 272. 



Roir u the ^hc inner, <hp primary rainbow, which is the 
JJlJ^JJJ}"' one ordinarily seen, is formed by two refrac- 
tions of the solar ray^ and one reflection, the 
ray of light entering the drops Fig. 27L 

at the top, and being reflected to 
the eye from the bottom. 

Thus, in Fig. 271, the laj 8 A of the pri- 
inaiy rainbow strikes the drop at A, is re- 
liractedf or bent to B^ the back part of the 
inner snriaoe of the drop; it is then reflected 

to C, the lower part of the drop, when it is ^"^*0"^^^^1 

refracted again, and so bent as to oome di- 
rectly to the eje of the .spectator. 
How is the tec- Tho socondary, or outer rainbow, is produced 
22t*foniiJd?°' by two refractions -of the solar ray, and two 
reflections, the ray of light entering the drops 
at the bottom, and being reflected to the eye ftom the top. 

Thus, in Fig. 272, the ray S B <^ the see- 
ondary bow strikes the bottom of the drop 
at B, is refracted to A, is then reflected to 
0, is again reflected to D, when it is again 
refracted or bent, till it reaches the eye of 
the spectator. 

The position and formation of the primary 
and secondary rainbows are represented in 
Fig. 273. Thus, in the formation of the pri- 
mary bow, the ray of light S strikes the drop 
« at Oi is refracted to 6, reflected to ^, and 
leaving the drop at this point, is refracted 
to the eye of the spectator at 0.* In the formation of the secondary bow, 
the ray S' strikes the drop p at the bottom at the point *, is refracted to d^ 
reflected to/ and thence to «, and refracted from the top .of th#drop, pro- 
ceeds to the eye of the spectator at O. 

The reason the outer bow is paler tlian the inner is because it is formed by 
rays which have undergone a second internal reflection, and after every re- 
flection light becomes weaker. 

What are Halos are colored rays which are sometimes 

Haiosf gggj^ surroundiDg luminous bodies, especially 

the sun and moon. They are occasioned by the refraction 
and decomposition of light by particles of moisture, or 
crystals of ice floating in the higher regions of the atmos- 
phere, and are never seen when the sky is perfectly clear. 
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The production of halos may be illustrated experimentally, by crystallizing 
yaiious salts upon plates of glass, and looking through the plates at the sun, 
or a candle. A few drops of a saturated solution of alum, spread over a 
glass so as to crystallize quickly, wiU cover it with an imperfect crust of crys- 
tals, scarcely visible to the eye. Upon looking at a luminous body through 
the glass plate, with the smooth side next the eye, three fine halos will be 
perceived encircling the source of li^t 

The fact that halos, or rings round the moon, are more frequently observed 
than solar halos, is dependent upon the circumstance that the sun's light is 
too intense and dazzling to allow the halo to be recognized. Halos may be 
observed most frequently in the winter season, and in high northern latitudes. 

696. The beautiful crimson appearance of 
the clouds after sunset in the western horizon, 
is due in a great measure to the fact that the 
red rays of the solar light are less refrangible 



What is the 
occasion of the 
red appearance 
of the clouds at 
snnrise and 
sonaet? 



Fig. 2U. 




than any of the 
other colored rays, 
and in conse- 
quence of this, 
they are not bent 
out of their course 
so much as the 
blue and yellow 
rays, and are the 
last to disappear. 
For the same rea- 
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son thej are the first to appear in the morning when the 
sun rises, and impart to the morning clouds red or mm- 
son colors. 

Let vm fluppOK^ m in Fig. SH a ny of light prooeediag fiom the son, S) 
to entw the earth^s atiDoiphexo at the point P. The red rays, which oom- 
pose in part the solar beam, being the leagt refrangible^ or ttie least deviated 
from their ooorae^ wiH reach the e3re of a 8pectat(»r at the p(»nt A ; while 
the feUow and l^ne mya, hfbug refraoted to a greater deg^Pea^ wiH reaidi the 
Burfaoe of the aarth at the intermediato pohilr B «iid C. . Xhef wiD, eoose- 
quenUy, be quite inYinble from the point A. 

The red and golden appearaaoe of the douds at morning and evenisg is 
also doe in part to the fhct, that aqueous YBipar on the point of being con- 
denaed, on^ aUowa the fed toA 7«Bo«r ntja of li^t to paaa HmHigh it For 
this reaaoD, if tiie ana be Tiewed through a oolnmn of eteem escaping from 
a boiler, it appears of a deep red, or crimson oolor. The same thing may be 
noticed during a drought in summer, when the air is filled with diy exhtJar 
tions. 

What la 697. The irregular brilliancy of the stars, 

^'*^'*°"*°*' known as twinkling, is supposed to be due to 
unequal reflections of light occasioned by inequalities and 
undulations in the atmosphere. 

How is color' 698. Light, according to the tmdulatory 
SS^^to^ theory, is occasioned by the vibrations or un- 
theoryofiight? dulatious of a Certain elastic medium diffused 
throughout all space, called Etheb. Color, according to 
this theory, dependfit on the number of vibrations which 
are made in a certain time ; those vibrations which are the 
most rapid, producing upon the eye the sensation of violet, 
and those which are the slowest, the sensation of red. 

The analogy between sound and light, according to the 
S^ere**^ undulafcory theory, is perfect, even in its OMnutest ciicum- 
tween color and stanoes. When a certain number of vibratioDS ^ a musical 
mSsicT*^ ®' chord are caused in a given time, we produce a Required 
tound ; as the vibrations of the chord vary from a quick to a 
slow rate, we produce sounds sharp or grave. So with light; if the rate at 
which the ray undulates is altered, a different sensation is made upon the 
organs of vision. 

The number of aerial vibrations per second required to produce any particu- 
lar note in music has been accurately calculated, and it is also known that 
the ear is able to detect vibrations produchig sound, through « longe oom- 
mencing with 15, and reaching as far as 48,000 in a second. So also in the 
case of light, the frequency of vibrations of the ether required for the produo- 
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tiOQ €i9SBf paiticiilar eolor has l^eefi detormmed, and the length of the waves 
oorreapondmg to these i^ratioos. 

What reufcioa The waves requisite to produce red are the 
S?*" ^^^ largest ; orange comes next ; then yellow, 
biSS^"^th; gJ^en> Wue, indigo, and violet, wicceed each 
diSereatooionrr other, the wavcs of each being less than the 
preceding. The rapidity of vibration is in the same order, 
the waves producing red light vibrating with the least 
rapidity, and the waves producing violet with the greatest 
rapidity. 

To produQD «ed light it is zMoeaEWj that 40,000 waves or vidulaifioiis iiftoald 
he oomprifled wiibin the «pace of a aiogie inch, and that 480 InUioas of vihra* 
ticHis shoold be executed in one second of time; while, for the production of 
violet^ 60,000 waves within an inch, and 720 billions of vibrations per second 
are required.* 

699.' As two sets of sound-waves or vibra- 

light be nuide tions may so combine as to modify or destroy 

each other, and thus produce partial or total 

silence, so two waves or vibrations of light may be made 

to interfere and piodnce various colors, or entire darkness. 

* It maj perhaps be asked, with aotnetfaiiig of iacrediility, how- such a reevH could pos- 
sibly have been aniyed at, with any degree of scientific aocuracy. The problem, hov- 
erer, is &ot a difficult one. 

In Hie first place, Kewion, by a series of perfectly satisfactory and beantifol experi- 
ments, ascertained the nwoabex of vavea off vndulatioQS of the different colored rays 
comprised within the space of an inch. 

L6t us now suppose an object of any particular color, a red star, for example, to be 
▼iewed from a distance. From the star to the eye there proceeds a continuous line of 
waves ; these waves enter the pupil, and impinge apon the retina : for each wave which 
thus strikes the retfaft^ there vill be a separate pulsatioa of that membrane. Ite rate of 
pulsation, or the number of pulsations which it malces per second, will theref(Mre be known, 
if we can ascertain how many luminous waves enter the eye per second. 

It has been already Aown that light moves at fhe rate of about 200,000 miles per 
second ; it fottows, that a lea|^ of ray amounting to 400,000 mflea must enter the pupil 
each second; the numbeir of tiiMs, thsiefore, per seoond, wbidi the vefina wHl vibrate, 
will be the same as the number of the luminous waves contained in * ray 200,000 miles 
long. 

Let us take the case of red light In 200,000 miles there are, in round numbers, 
1,000,000,000 feet, and therefore 13,000,000,000 laches. In each of these 12,000,000,000 of 
inches there are 40,000 waves of red light In the whole length of the ray, therefore, th^e 
are 480,000,000,000,000 waves. Since this ray, however, enters the eye in one second, 
and the retina must pnlsate once for each of these waves, we arrive at the astounding 
eondusion, fhat when we behold a red object, the membrane of the eye trembles at the 
rate of 480,000,000,000,000 of times between every two ticks of a common deck! 

In the same manner, the rate of pulsation of the retina oerresponding to oth» tints of 
colors is determined ; and it is found that when violet is perceived, it trembles at the rate 
of 720,000,000,000,000 of times per second,— Lardncr. 
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Hoir may the ^^^ **''°^ ^ the junction of two streams of water, it will 
interferenpeof be noticed that when the wares firom each meet in the aame 
dStaiMW?'*** state of vibration, the resulting wave will be equal to the two 
combined; i^ however, one wave is half an undulation behind 
the other, the crest of one wfll meet the hollow of the other, and compare- 
tivelj smooth water wiU be the result So if two pencil rays of light, radiat- 
ing fnHn two points, reach a point of interfereaoe at the same degree of ele- 
vatioD, a spot of double the luminous intensity of either will be produced; 
but if one is half a vibration behind the other, the result will be, that a daik 
instead of a ligiit spot will be apparent 

Hoir to color The brilliant tints of soap bubbles, and thin 
fhe'^^SJirfi- plates of different transparent bodies, are ex- 
ence of light? amples of the interference of light ; for the 
undulations reflected from the first surface interfere with 
those reflected from the second, and thus produce the 
various colors. 

The varying play of colors exhibited by films of oil on the sur&ce of water, 
and the iridescent appearance of mother-of-pearl, the scales of fishes, and the 
wings of some insects, are all phenomena resulting from the interference of light 

whattodoaMe 700. Doublc rcfractiou is a property which 
refincfekar certain transparent substances possess, of 
causing a ray of light in passing through them to undergo 
two refractions ; that is, the single ray of light is divided 
into two separate rays. 

p-g 2Y5 -^ ^®^ common mineral called " Iceland spar," 

which is a crystallized form of carbonate of lime, is 
a j:emarkable example of a body possesang double 
refracting properties. It is usually transparent and 
colorless, and its crystals^ as shown in Fig. 275, have 
the geometrical form of a rhomb, or rhomboid; — ^thia 
term being applied" to a solid bounded by parallel 
faces, inclined to each other at an angle of 105^. 
Til *, * *v The manner in whioh a orystel of - ^ _^_ 

niustrate the , , , ,. . , r v u* • ^^' 276. 

phenomenon of Iceland spar divides a ray of light m- 
douWe reftuc- ^ |;^q separate portions is clearly 
shown in Fig. 276 ; m which S T 
represents a ray of Hght, failing upon a sur&ce of a 
crjrstal of Iceland spar, A D E C, in a perpendicular di- 
rection. Instead of passing through without any refrac- 
tion, as it would in case it had fallen perpendicularly upon 
the 8urfiu;e of glass, the ray is divided into two separate 
rays, the one, T 0, being in the direction of the original 
ray, and the other, T B, being bent or refracted. The 
first of these rays, or the one which follows the ordinary 
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law bf refraction, is called the ** ordinary" ray ; the second, which fisUows a 

di£EBn3Bt law, is called the ^^extmordinary" ray. 

If we look at a small object, as a 
^' dol, a letter, or a line, through a 

plate of glass, it appears single ; but 
if a i^ta of loeUnd spar be sub- 
slitiited, a double inukge will be per- 
wived, as two dots, two letters, two 
lines, eta This result of double re- 
fi«cti<m is represjNited in fig. 27 1. 
dystals of many other substances, 
sudi as mica, the tc^as, gypsum, etc., 

possess the property of double refhtction, but not in so remarkaUe a degree 

as Iceland spar. 

,«^ . .^ In ftll these crystals, there are one or more dkections aUmg 

What arc the . . . ^. ^ . . j ^ . ^i. • i 

axes of double which objects when viewed through them appear smgle; 

refraction f ^j^^gQ directions are termed the lines, or axes of doublo re- 

fraction. In the case of Iceland spar, tiiere is one axis of double refraction, 
i. &, one direction along which objects when yiewed appear single ; this is in 
the direction of the line A B, Big. 276, whi(^ ^ins the two obtuse three* 
sided angles. If the summits A and B be ground down and polished, no 
double refraction will occur in looking through the crystal in this direction. 
To irhat is the '^^ ^^^ phenomieoon of dotrt)le refractfoo is due entirely to 
phenomenon of the molecular stracture of the medium through which light 
ttondae?^™*^ passes, is proved by taking a cube of regularly annealed glass, 
which produces but one refracted ray, and heating it unequally, 
by subjecting it to pressure: a change is thereby affected in the arrangement 
of its parts, and double refraction takes place. 

What fa iwur- ''^Ol- When a ray of light has been reflected 
ixedughtf £jQ^ the. surface of ^ body under certain 
special conditions, or transmitted through certain trans-, 
parent crystals, it undergoes a remarkable change in its 
properties, so that it is no longer reflected and refracted 
as before.. The e£Eect thus jproduced upon it has been 
called polarization, and the ray of rays of light thus af- 
fected are said to be polarized. 

What are the The name poles is given in physics in gen- 
poiesofabody? ^^g^j ^^ ^]j^ gj^^g ^^ ^^^ of any body which 

enjoy, or have acquired any contrary properties. 

Thus, the opposite ends or sides of a magnet have contrary properties, in- 
asmuch as each attracts what the other repels. The opposite ends of an* elec- 
tric or galvanic arrangement are, for like reasons, denominated poles. So also 
in the case of light, the rays which have been reflected or transmitted under 
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uZtSSj^ benof '-^J «)*, and these posittoM aw «t ligM 

light prodooe gtate ^^^ 

^"'""**' OCT ^^."^ y*'***''^^ of polarized Kght was diaooYered in 

the other, their /^ ^'>>U • y«^» •ngioeer officer of Paris, Ou one 
tivelj saiootb ^-''^j^^^if^ ^"^ viewiDg through a double refracting 
ing from tw .-C'^"*^^**"* '•''* ^^ iightof the sun reaected from aglass 
ration, a ' <\^'^J^t^ palac5«% he observed some very peooliar effects, 
but if 0* ^*^ M ^iLt^ '^'QQ^ ^^P^'* like adoor on its hinges at an angle of 
instee"* ^y^'^!^^'^ ^^ ^^ reflected ttom this angle was entirely 

S?^ ^•^1^2*" *" **** character of the light reflected fix)m the glass window, 

^ ''^i^^'^'^^^Si** obserred bjr ICalus^ may be made dear by the following 

' ^ ''^J.^Sappose we have a cylinder with a mirror at one end of it If 

iff^ij0$ #e the eon, and leoeiva the image on a distant screen, we may 

^ «M^r^^^ loond on its axis, and the reflected ray will be found to reyolve 

''^dr with it But if now, instead of receivmg the ray direct from the sun, 



^ir a beam refieoted from a g^asa x^ate, at an angle of about §4®, to M 
Ibe minor, and then be reflected on the screen, it wiU be foond &at the 



^i (^ light win not have €he same jffopertles as that previously examined ; 
j( ^ be altered in its degree of intensity as the cylinder tmns round; will 
l^ve pooxts where it is very bri^t, and others where it will entirely disap- 
pear. It is thus proved timt light n^eoted from glass at an angle of about 
54^ has undercpone some peeoliar modiflcation, or, as it has been, termed, 
has become polarized. 

Certain minerals, especially those called *' tourmalines," have the prop- 
erty of polarizing a ray of light transmitted through them. 

Fia. 278. If aray of light be caused to pass throi:^ 

a thin plate of tourmaline, as e d^ fig. 2*78, 
l^k In the dlrdction 6f the flne a h, and be le- 

Jl ^^S^^^K 0©^©* ''po** » ieoond plate, e / placed 
^ TiiiiL flyrinnetrieally with the first, it passes 

^ ^^^ tiirough both without difllcully; bat if the 
second plate be turned a quarter round, as 
in the direction g hy the light is totally cut ofC 

HoiristhepQi- According. to the trndnlatorf theory^ the dif- 
f^**^,^f ference between common and polarized light 
**• maybe explained by supposing that in com- 

mon light the vibrations of the ether which produce it 
take place in every possible direction, transverse to the 
path of the ray ; but in polarized light they take place 
in only one direction, or are all in one plane. 

Thus, in the passage of a ray of light through the plate of tourmaline, 
only one set of vibrations is transmitted, while the others are abfiorbedi 
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Is light polar- 
ized by reflee- 
tioB from other 
mbstaiiees 
thaa ^asB? 



Fia. 2t9. The transmitsted ifty, haying aU its Tibratioos in one 

directioD, readily passes through a aeoo&d plate of 
toormaline, the struotuntl arraogeineiit of which is 
qrmmetrtcal wttE that of the first; but if this sr^ 
raogemeat be altered by taming the plate partially 
round, the TibratiobB are interoepted. In the same 
manner a sheet of paper, e^^ Fig. 279, may be slipped 
a grating, a 6, its plane coindding with the length of the ban; but 
can no longer go through when it is tamed, as at «/ a quarter round. 

Light is polarized by reflection from many 
different substances, such as glass, water, air, 
ebony, mother-of-pearl, surfaces of crystals, 
etc., eta, provided that the light falls at a 
certain angle peculiar to each surface. This angle is 
called the polarizing angle.^ 

What are M>m« ^^ ^® discovery <^ polarised light, its principles have 
of the practical been applied to the determination of many practical results. 
^Mg^jw jOf Thus, it has been found that all reflected light, come from 
whence it may, acqoiros certain properties 'which enable ns 
to distinguish it from direct light ; and the astronomer, in this way, is en- 
abled to determine with infallible precision whether the light he is gazing on 
(and which may have required hmidreds of years to pass from its source to 
the eye), is inherent in the luminous body itself or is derived from some other 
source by reflection. It has been also ascertained by Arago that light pro- 
ceedmg from incandescent bodies, as red-hot iron, glass, and liquids, under a 
certain angle, is polarized light; but that light proceeding, under the same 
circumstances, from an inflamed gaseous substance, such as is used m street 
illumination, is always in a natural state, or unpolarized. Applying these 
principles to the sun, he discovered that the light-giving substance of this 
luminary was of the nature of a gas, and not a red-hot. solid or liquid body. 

In a similar manner the chemist is»able to determine, by the manner in 
which light is reflected or polarized by a crystallized body, whether it has 
been adulterated by the addition of foreign substanoea 

What fhrea "2^03. Solar light, in addition to the lumin- 
f^^dlelr ^H <>^ principle which produces the phenomena of 
■oiar light? ^ ^qJqj. ^jj^ ig ^\^Q cause of vision, contains two 

other principles, viz., heat and actinism, or the chem- 
ical principle. These principles are invisible to the eye, 
and have only been discovered by their effects on other 
bodies. 

* The phenomena of polarixed light are bo ahstmae, and depend to bo great an extent 
on experimental innstratlon for their proper comprehenilott, that an extended deaerlp- 
tlan o^tbiB in an eleiiwntary work is impoBiilite. 
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The eonstitation of the solar my may be compared to a bundle of three stidca^ 
one of which represents heat, another light, and a third the actinic principle. 
We know that these three principles exist in every ray of 
IraaJr t^at no- ^^ '*&'^*' ^^caiiso vre are able to separate them in a great 
l&r light ooo- degree from each other. Thns the Ittminous principle passes 
^ndpleii? ^^ readily through a transparent plate of alum, but nearly all the 
beat is absorbed. Certain dark-colored bodies, on the con- 
trary, allow nearly all the heat to pass, but obstruct the fight. A blue glass 
obstructs nearly all the liglit and heat of the solar ray, but aOows the chem- 
ical principle to pass freely ; while a yellow glass allows light and heat to 
pass, but obstructs the passage of the chemical influence. 

When we decompose a ray of solar light by 

Hoir am the ^ . ^ , .^ ^, ^ ^ ^ 

three prioci- tneaiis of a prism, and throw the spectrum 
S^t ^afGKt^ upon a screen, tho luminons, the calorific, and 
^*^ ™ the actinic radiations will each assume a dif- 
ferent position. All will be refracted by passing through 
the prism, but in different degrees. 

The calorific, or heat radiations will be refracted least, and their maximum 
point will be found but slightly thrown out of tho right line which the solar 
ray would have traversed had it not been intercepted by the prism. The 
heat diminishes with much regularity on each side of this line. 

The luminous radiations are subject to a greater degree of refraction ; their 
point of inaximum intensity being in the yellow ray, lying considerably above 
the point of greatest heat. The light diminishes on each side of it^ producing 
orange, red, and crimson colors below the maxinuim point, and green, blue^ 
and violet above it. 

The radiations which produce chemical action are more refrangible than 
either the calorific or luminous radiations, and the maximum of chemical 
power is found at that point of tho spectrum where light is feeble^ and where 
scarcely any heat can be detected. 

The positions in the spectrum of the heat and actinic radiations, which are 
mvisible to the eye, may be found by experiment. Thus, if we place a deli- 
cate thermometer in the different rays of the spectrum (§ 686, Fig. 268), it 
will be found that the indigo and violet rays scarcely affect it all, while the 
yellow ray, which is the most luminous, is inferior in he«tfaig action to the 
red ray, which, yielding but little light, poflsesses the greatest amount <^ heat. 
If now, the thermometer be carried a little below and just out of the red 
ray, into the darkened space, it will exhibit the greatest increase in tempera- 
ture, thus proving the presence of a heating ray in solar light, independent 
of the luminous ray. In a like manner, by substituting a chemically pi^pared 
surface, as a piece of photographic paper, for the thermometer, the presence 
of a chemical ray can be proved in tiie darkened space at the other end of the 
spectrum, and near to the blue and violet rays. 

704. Those rays of solar light which are less refrangible than any of the 
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Tisible Qolcfte6.,nya of the spectrmn, have all the properties of radiant heat 
coming from bodfes d a low«r temperatore tiian 800^ F. Such heat is mnch 
less refrangible than red light ; but if the temperature of the radiathig body 
be increased, it emits, in ad^tion to the rays previously emitted, others of a 
high^ refrangibility, tmtQ at last some few of its rajs beoome as refran^ble 
as the least refrangible rays of hghl The body tiien appears of the same 
color as the least refrangiMe rays of light, and is said to be f^ hot If it 
be. heated more, it emits, in addition to the red, still more reftangifole rays^ 
viz., orange ; then (at a higher temperatmre) yelknr rays are added, and so 
on, nntQ when the body is whik hot, it emits all the colors visible to ns; 
and in some instances (of very intense heat), even the invisible dsen^cal rays, 
more refrangible liian the violet^ are emitted, tboogh in less quantity than 
in the solar rays. Thus light appears to be nothing more than visible heat, 
and heat invisible light-^the constitution of the eye being such that it can 
perceive one and not the other, in the same way as the ear can appreciate 
vibrations of sound more rapid than sixteen per second, but not those which 
are less rapid. 

__ 706. The study of the chemical principle contained in the 

fact has the rays of solar light has rendered probable the curious &ct, that 
c£mi«d^piS? ^'^ substance can be exposed to the sun's rays wittioat un- 
cij^e of light da'gdng a chemical change ; and from numerous examples it 
evolved? would seem that the changes in the molecular condition of 

bodies which sunlight effects during the daytime, is made up during the 
hours of night, when the action is no longer influencing them. Thus dark- 
ness appears to be essential to the healthy condition oi all organized and un- 
organized forms of matter. 

upomrhatdoes The process of forming Daguerreotype and 
*fpb?tSff?a*SSc other photographic pictures, depends solely 
pictures depend f ^p^^ ^^ actiuic, OX chemical influence of the 
solar ray. 

The term "photography,^^ signifying light drawing, which is the general 
name given- to this art, is unfortunate and ill-chosen, for not only does light 
not exercise any influeiloe in produdz^ the pictures, but it tends to destroy 
them. 

What are the ^® essential stepB of Use process of forming a Daguerre- 
essentiai steps otype |Motare ooiHsist in ooating a suitable plate of metal with 
enerrwSype^*' ■®™® chemical compound easily affected by the action of the 
process ? soiar ray. Such a coating is usually a compound of the ele- 

mentary body Iodine, The plate is then exposed to the image 
formed by the lens of a camera obscura. Relatively, the quantity of light and 
actinism reflected from any object are ti&e same ; therefore as the light and 
shadows of the luminous ims^ vary, so will the power of producing change 
upon the plate vary, and the result will be the production of an image which 
will be a faithful copy of nature, with reversed lights and shadows; the 
lights darkening the plate, while the shadows preserve it white, or unaltered. 

15* 
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If th9 plate were tbea left without further care, the image formed woqU 
Boon fitde away, aod leaTe no trace oa ita oarlaoe. In practice) the plate is 
not exposed to the influence of light su£Biciently long to form upon its su^ 
face an image Tisible to the eye, but the picture is developed, or brought out 
and rendered permanent by ecspoeure to the yapor of mercuiy. This metal, 
in a state of veiy fine divtsioB) is condensed upon and adheres to (hoee po^ 
tkOM of the sui&oe of the plato whieh hare beenaubjacted to the influenoe 
of the dwmical aoti<m. Where the shadow* are deep, there is soaroely » 
trace of BMniury ; bui where the tights are stnMig, the metallio dust is de- 
posited of oonsideiable thickness. This depoAtaon of mercuiy essentiaUy com- 
pletes and jObses the picture. 

The leason why the vapor of mercury attaches itself only to thoee pertions 
(^ the plate which have been affected by the chemical influence c^ li^t is not 
definitely known: in aU probability, we liave involved the action of several 
foroe& It ifl not) however, necessary that a sur&ce should bo chemicaUy pre- 
pared to exhibit these results A polished plate of metal, a piece of marble, 
of glass, or even wood, when partially exposed to the action of light, will, 
when breathed upon, or presented to the action of mercurial vapor, show that 
a disturbance has been produced upon the portions whkdi were iUuminated; 
whereas no change can be detected upon the parts kepi in the daric. 

That the luminous principle is DoCaooeseary for the soccess 
mmi *Sars ^ ^^ photographic process, may be pmired by the cxperi- 
that ligM ift ment of taking a daguerreotype in alrac^uto darkness. This 
forthel^rodS <^ ^ aowMBpBshed in the following mawier:^A hu:ge ima- 
tioQ <^a pho- matic spectrum is thrown upon a lens fitted into one side of a 
tograp c re- ^^^ chamber; and as the actinic power resicles in great ac- 
tivity at a point beyond the violet ray, where there is no ligbt, 
the only rays allowed to pass the lens into the chamber are those beyond the 
Hmit of ootoraAion, and non-himinoua,- these are directed upon any object, and 
from that object radiated upon a highly sensitive piietegra{Mc surface. In 
this way a picture may be formed by radiations which produce no effeet iqmL 
the eye» 

WhatiiUlnenw ''^^ ^"*®** "® ^"^^ ****** ** ««PP«Mg tiiat ea<A of tbe 
do the three three principles, lights heat, and actimsm, included in the solar 
Sie**TOiar ray ^^^ exepcise a distinct and peculiar influence upon vegeta- 
exert on rege- tion. Thus the lutttoous panci|^le <eentKi9s the growth and 
^^°^ ooloratioB of plants, the calorific {mnciple i^beir ripeniag and 

fructification, and the chemical principle the germination of seeds. Seed» 
which ordinarily require ten at twelve days for germinetion, will germinate 
under a blue glass in two or three. The reason of this is, that the blue glass 
permits the chemical principle of light to pass freely, but excludes, in a great 
measure, the heat and the light. On the contrary, it is nearly imposttble to 
make seeds germinate under a yellow glass, because it ezjidudes nearly all 
the chemical influence of the solar ray. 
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SECTION IV. 



THB BTB. J^^^ THX PHBVOXSKA OF TISIOV. 



If an opening 
be made in the 
■ide of a da|k 
chamber mv 
trill imafef<tf 
external ok- 
Jectsber^re- 
■eute<pf 



Y07. If we make a small apertare throQgfa the shatter of a 
daitoMd rocMD, tbe images of external objects will be pio* 
tared indisdiiotlj, and in an inverted position, apon the op* 
posits* wafl. The reason of this wffl appear evident flt>m an 
inq»6Ctlon of Kg. 280. It will be aeon that the rays of h'gfat 
dhrerging firom the top and bottom of the object cross each 
other ia pas^g through (^e aperture, and oonseqqeatlir form an inverted 
image. This image is rendeied more dibrtinot wilk a smatt apcrtnre tlian with 
a large one, since, hi the first case, the rays whldi proceed flrom any partica* 
lar part of the object M oidy upon tb» corresponding part of the image, and 
are not scattered indisoiiminatei^ over the idurfe piotore^ as th^ would be 
if the aperture was larger. 

Ito. 280. 




Powriltc fhe 1^ in the place of the room with an aperture in the shatter, 
oonetruction of We substitute a dark box, with a doubleKX>nvex leas flatted 
^g^^;,^!^^"'*®^ into one ade^ a pieture wiU be formed <m the opposite side of 
the box, or upon a screen i^aoed ait the foodl distance of the 
lena Thn picture will represent, with great beauty and distmctness, whatever 
IS m front of the lens, all the objects having their proper relations of light and 
idiadow, and ^eir proper colors. Such an iq>p9ratus is called a Cakeiu. 
Obsoura. 

Fig. 281 represeoots the ordinary oonstrudaon of the camera obscura It 
consists of a wooden rectangular box, iilto which the rays of the light penetrate 
through a convex lens placed at the termination of the tube B. These rays, 
if unobstructed, will form an image upon the opposite side of the box 0, but 
if they are received upcm a mirror, M, indined at an an^e of 45^, their direc- 
tion is changed, and the image will be formed upon a screen, or {date of 
ground glass, N, placed at the top of the box. By placing upon this screen a 
sheet of tradng paper, the outlines of the image may be readily copied. 
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Such a modification of the camera is very convenient for artiste and trayelen 
In sketching landscapca, etc. 

Pia. 281. 




How doM ite *^^' ^^^ mechanical arrangement of the 
S? ^^^ ^y® i^ ™*^ *^d *^® higher animala 10 the same 
obaenra! ^j ^j^^^ ^f ^j^^ camera ohscura, being simply a 

double-convex lens, fitted into one side of a spherical 
chamber, through which the rays of light pass to form an 
inverted picture upon the back of the chamber.* 
whax if th« ^^ man, the organs of vision consist of two 
Sr^thS^ hollow spheres, each about an inch in diam- 
in maa ? ^^gj.^ filled with ccrtaiu transparent liquids, and 

deposited in cavities of suitable magnitude and form, in 
the upper part of the front of the head on each side of 
the nose. 

The sphere of the eye, or the eye-ball, is 
moved in its socket by muscles attached to 
different points of its surface, so that it is 
capable of being moved within certain limits 
in every direction. 

• This laay be proved by taking the eye of a recently-killed bullock and catting a small 
hole ia the upper part of the ball, looking into the interior. 



Hoir are ve 
enabled to 
raoTe the eye 
ia different di- 
rections? 
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Fie. 282. . The arrangemeat of these 

muscles is shown in Fig. 282, 
where the external bones of 
the temple are supposed to be 
removed in order to render 
theiD visible. The musde, 1, 
raises the eyelid, and is con- 
stantly in action while we are 
' awake. During sleep, the 
mnsde being in repose and 
relaxed, the eye-lid faiia and 
protects the eye -from the ac- 
tion of light The muscle, 4, 
turns the eye upward; 5, 
downward;^, outward; and 
a oorreqxn>ding one on the in> 
side, not seen in the figure, 
turns, it inward. Nos. 2 and 
10 turn the eye round its axis. 

Of whai MTto ^^ ^y^ consists essentially of four coats, or 
does ttie eye membranes, called the Sclerotic coat, the 

consist? ' _ 

Choroid coat, the Cornea, and the Ketina ; 
and these coats inclose three transparent liquids, called hu- 
mors — the Aqueous humor, the Vitreous humor, and the 
Crystalline humor, the last of which has the form of a lens. 
i)e8crib€u the The Sclcrotic coat is the external coat of the 
sderotto^t ^yg^ ^^^ ^Yie one upon wWch the maintenance 
of the form of the eye chiefly depends. 




It is a strong^ tough 
membrane, and to it the 
muscles whidi move the 
eye are attached. It cov- 
ers about four fifths of the 
ext^mskl sur&ce of the 
eye-ball, leaviug, however, 
two drcolar openings, one 
before and the other be- 
hind the eye. Its position ^ 
is shown at ^ Fig. 283. 

•What is um The 

^^^^^^ Cornea 

is the clear, trans- 
parent coat which 



jFiq. 283. 
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forms the front of the eye-balL It is firmly united to, or 
fixed in the sclerotic coat, like the glass in the case of a^ 
watch. 

The Cornea is refH-esented at o^ Jfig. 2S2. 

^Hiai ii th« ^^ Choroid coat is a 4elieate membrane, 
Choroid Got? li^ijjg ^]j^ ^^^ surface of iha dolerotic eoat, 
and covered on the interior mtk a Uack pigmesftt 

It 18 Fepresented at k^ ilg. 283. 

What iff tho ^^^ Betina is a delicate, tniMparent mem- 
fiettnaf brane which spreads orer the chi^ part of the 
internal surface of the eye-ball, and is situated imme- 
diately within and close to the ch<»oid coat. 

The positkm of the Betina is shown at m^ f^. 283. . 

Hoiristhere- ^^0 retina is formed by the expansion of a 
tins formed r nerve called the optic iwrre, which proceeds 
from the back of the eye through the bones of the skull 
into the brain, and conveys to the brain the impressioos 
made by external objects on the organs of vision. If this 
nerve were divided, notwithstanding the eye might be m 
other respects perfect^ ti»e sense of sight would be de- 
stroyed, 

Ka 11, Ilg. 2821, and n, JBig. 283, ezh^it tho reUtive posStfon of the 
optic nerve. ^ # 

What is th« ^^ looking into the eye from without, we 
^^^ perceive a flat, circidar membrane, which, in 
different eyes, je of a black, blue, or gray color. This 
membrane is called the Ibis, and divides the eye into two 
very unequal portions. 

The IrU is sopiMeDtedl at c ci; IHg. t9$. 

The PvLfSL of the eye is the circular black 
papu of th« opeaii^ in the center of the iris, and is the 
^^ space through which light is admitted into 

the int^ior of the eye. 

The open spaoe between c aod 4 i%- ^^t repreaenls the pupil. It is, 
properly speakingj the wmdow of the eye, and appears black, only becatise 
the chamber witW and behind it is dark. When a small quantity of light 
enters the eye the p«ipil ivilens » expands ; but when a iai^e ^aaolitily entei^ 
it doees or contracts^ 
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The two parts into which the iris divides the eye are 
called the anterior and posterior chambers. 
whajk m the The anterior chamber, or the space before 
X^» Si* *^® ™^ *■ ^®^ ^^^^ * *^^ resembling pure 
»»»' water, and* therefore called the aqueous hu- 

mor ; and the posterior chamber, or the space behind the 
iris, is filled witib a thick liquid, somewhat resembling the 
white of an egg, called the vitreous humor. 
. In Fig. 883, ke fepraientothe aqoeons hmnor, and h the yitreous humor, 
this last ooQup7ii>g aU the iaterior €f the ehamber of the eye. 

The ci7stalline*len8 is composed of a more solid sub- 
stance than either the aqueous or vitreous humor. It is 
inclosed within a transparent bag, or capsule, having the 
form of a double-convex lens, and is suspended imme- 
diately behind the iris, and between the aqueous and 
vitreous humors. 

Its fonn and poeltion are rep roo e iite d at/ fig. 283. 

Hovdoweby 7^^- ^J^ of light proceeding from an ob- 
£e ^?°iM»- j®^* *^^ entering the eye, are refracted by the 
oeireoidecisf comea and crystalline lens, and made to con- 
verge to a focus at the back of the eye, and form an 
image upon the retina. This image, by producing a sen- 
sation upon the optic nerve, conveys in some unknown 
way to the mind a perception and knowledge of the ex- 
ternal object. 

Kg. 284 represents the manner in ^^^' 284. 

whicfa the image is formed upon the 
retina in the perfect e3re. The curva- 
ture of the oomea, e «, and of the 
crystalline lens, c c, is just sufficient 
to cause the rays of light proceeding 
from the image, I f, to converge to 
the right focus, m m^ upon the retina. 

When does die Distiuct vision cau only take place in the 
*um?"**°**^ eye when the comea and crystalline lens have 
such convexities as to bring the rays of light 
proceeding from an object to an exact focus upon the 
retina. 
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Howlf flieejo 
enabled to lee 
otjeete dUk 
tinearatdiflSBr- 
eBtdktaiuMir 



Ab the rays of light proceeding from distant ol>jeGtB eoter 
the eye at different anglee, they will naturally tend to meet 
at different foci after refraction by the crystalline lens, and 
thm form indistmct image& Tbfai is remedied by a power 
which the eye p o oBcmwt of adaptiDg itself to the direction of 
the light poroceeding fit»n varioos distsncM, ■» that in the healthy eye, rays 
coming finom near and distant objects are all equally converged to a focos on 
the same point of the retina. How the eye effects this is not certainly known, 
but it is supposed to be by inoraasiiig or diminishing the sjdieridty of ti» 
crystalUne lens and oomea. 

What li fke ^ person is said to be near-sighted when 
3^h?edne2lr'" ^^6 curvatiue of the cornea and crystalline 
lens is so great, that the ri^ of light which 
form the image are brought to a<4bcas before 4hey reach 
the retina, or the back part of the eye. The object, there- 
fore, is not distinctly seen. 

Fig. 28& 




Fig. 285 represents the 
in which the image is filmed in 
the eye of a near-sighted person. 
The curvature d the cornea, a «, 
and of the crystalline lens, 6 e, is 
so great that the image is formed 
at m m, in advanoe of the re- 
tina. 

Hoir is short- Short-sightedness is remedied either by holding the object 
■ic^tednees Beprer to the eye, or by the employment of spectacles the 
.remedied? glasses of which are concave lenses. In both cases the rays 

proceeding from the object enter the eye with a greater degree of divergence, 
and therefore do not converge so soon to a focus. 

j^ ^^^ A person is said to be far-sighted when, on 
of far- account of a flattening of the cornea and the 
crystalline lens, the rays of light do not con- 
verge sufficiently to form a distinct image upon the retina. 

Pj^ 286 ^^' ^^^^ represents the manner 

in which the image is formed in 
the eye, when the cornea or crys- 
tallme lens is flattened. The per- 
fect image would be produced at 
m m, behind the retina, and, of 
course, beyond the point necessary 
to secure distinct vision. 
How may loog. Lonpf-sightedness may bo remedied by the employment of 
^edicd? ^ spectiiclc3, the glasses of which aro convex lenses. These^ by 



What 



sightednem? 
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increasuig the oonveigenoe of rays of light pawig tbroagh them, bring thorn 
sooner to a focus in the ej^ and thus produce the image upon the right point 
of the retina.* 

Most persons of advanced age are troabled with kmg-stghtedness, and are 
obliged to use speotades. The reason of thk is, that as the physical oigani- 
zation of the body beooiaes enfeebled, the hnmoni of the eye dry up^ or 
are absorbed, and in consequence of this, the comea and ciystalline lens 
shrink and become flattened. 

Beside these defects of ibe eye, a penoci may hare the sense of Tision 
impaired or destroyed by an injury or disease of the optic nerve, or by a dimi- 
nution of the transparency of the crystalline lens; the flnt of these cases is 
called ainaurosis, and is incurable-^the second, which is called eaiaraci, may 
be cured. 

As the images ^® images formed by the rays of Hght upon the retina are 
on the ntiam, inverted. II may, thenfoce^ be asked why all visible objects 
Syir^TOt donotajrpearupeidadown? The expUoation of ftis euiious 
see them ap- point, which has formed the subject of much dispute, appears 

e down ^ ^ ^^^.g. ^^ object appears to be inverted only as it is com- 

pared with some other objects which are erect If all objects hold, the same 
relative position, none can be properly said to be inrorted. Now, since all 
the images produced upon the retina hold, with relation to each other, the 
same position, none are inverted with re^»ect to others; and as such images 
alone can be the object of vision, no one object of vision can be inverted with 
respect to any other object of vision ; and, consequently, all being seen in the 
same position, that position is called the erect position. 

^^ . ^ • 710. The optic axis of the eye is a line 

What is the - i. , i -• i i 

optic axis of drawn perpendicularly through the center of 

th^ comea, and center of the eye-balL 
^^A^e^ot ^'^^ reason why with two eyes we do not see 
J3nt*SfarS! double is, because the axis of both eyes is 
Jectdoawet • tumed to onc point, and therefore the same 
impression is made on the retina of each eye. 

The law of vision for visible objects is entirely different from that for points. 
A visible object can not, in all its parts, be seen smgle at the same instant of 
time, but the two eyes converge their axes to thetiear and the remote parts of 
it in succession, and thus give an idea of the different distances of its parts. 
Any defect which will prevent the two eyes from moving together conjointly, 
and from converging their optic axes upon every point of an object in succes- 
sion, will be fatal to distinct vision. * 

* Birds of prey are enabled lo adjust their eyes so as to see objects at a great distance, 
and again those irhich are Tvry iMar. The first is accosaplished by means of a muscle in 
the eye, which permits them to flatten the cornea by drawing back the crystalline lens ; 
and to enable them to perceive distinctly very near objects, their eyes are famished with 
a flexible bony rim, by whieh the cornea is thrown forward at will, and the eye fhua ren- 
dered near-sighted. 



3&4 



W]ILL8>8 NATURAL PHIL080PHT. 



^^^ Double yision may be pvoduced by pressing 

bie Tirion b^ slightly from the side upon the ball of either 
eye while viewiug an object ; the pressure of 
the &xigeir prevents the ball of one eye from following the 
motion of the other, and the axis of vision in each eye 
being rendered different, we see two images. 

gtcalHsmiWi or wiuiiitiiig^ m cawed bj tbe inabilttjr of oaa eje to loUow the 
motaona •£ lh» otbei^ wmI penom to afifeetod always aea doable; practice^' 
faowevei^ givea tbesBi power ofattoadwig to (he aeDsatioa of onfy one eye at a 
time. 

It is firom this inability of the eye to fix its optical axis that dninkante see 
donbtoi 

Hoir do e ^^^* ^* jo^g© ^f ^6 distance and size of 
^22^ •*; «^tt object by the relative direction of lines 
size «f M Ob- drawn from the object to the eye, and by the 
angle which the intersection of these lines 
makes with the eye. This angle is called the angle of 

vision. 

na 2S7. 

A 




The stodebt will bdar in mind Oiat an an^epis simpiy the 

SS^f tU^ Inclination of two lines without any regard to their length. 

Thofl, in Big, 287, the lines dravm from A and B, and A 

which may be supposed to represent rays of Ught» meet at the eye, and &nn 

an angle at the point of intoreection. This angle is the angle of vision. 

If A B, Fig. 287, represent a man on a distant momitain, or on a chwvh 
steeple, and G D a crow dose by, the angle formed by the inclination of the 
lines proceedmg from the two objects will be equal, or the line A B, which is 
the height of the man, will f ubtend the same angle as the line C B, which is 
the height of the crow; and therefore the man appears at such a distance no 
larger than a crow. 

Ho !■ th'* ^^^^ nearer an object is to the eye, the greater most be the 

angle of ySsion inclination of the lines drawn from its extremities to interaetft 

S^^j ^ and form an angle at the eye, and consequently tiia greater 

will be its angle of rision. On the contrary, the more remote 
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a^ oly'ect is irom the eje^ the leas will be the uidiQfitloii of the lines, and fh« 
less the angle of vision. The nearer an object is to the eye, theiefore, the 
htfger it will appear. 

Fig. 288. 




TbiiB tike trees and homes fir down a street or ayenne aippeor smaOer tium. 
ttiofleiMBr by, and theriae of ayeBsel seen at sea diminishes with the increase 
of aistance, as iashown hi Figi 38a. The moon, en acooant of its proximity, 
appears nmch larger tha& any of ^e stars or planets, aHhough tt is^ hi fiiet, 
Yerj much smaUeCr 

Fto.28a 




* Let A B, Fig. 289, represent a planet, and D the moon. The angle of 
vision which the p!anet A B makes with the eye at O, is evidently less than 
the angle which the moon sabtends at the sanne point To a spectator at Gy 
therefore, A B, thoagh much the larger body, will appear bo larger than 
E F; whereas the moon, C D, will appear as large as the line P. 

When wiu an '^^2. When EA ol^ot k (BO remote, or so 
2?**1 *mS^ small, that Hum dmwn from its extremities 
p*****' form no appreciable angle at the eye, the ob-. 

ject iqppears as a mora speck oi; pcdot. 
How RB&n «B '^^^ ^®> ^^^ ^^ ordinary amonnt of light, 
to*^OT^?r*^* can see an object which occupies in the field 
of view a space of only the sixtieth of a de- 
gree (or one minute). 

This q>aoe is about the 100th of an inch in a circle of tweVe inches diameter, 
ib& eye being supposed to be in the center of the cirde, Now a body smaller 
than this at six inches from the eye, or any thing, howerer large, placed so 
&r from the eye as to occupy in the field of viewless space tiiian this, is invis- 
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iUe lo ofdinaiy m^tst. At finv buIbb oH^ a maa beoomes thus InTiaible, and 
a piii4iead near bj will hide a bouae on a diatant hilL^ 

Whs* do we 713. When we say we see an object, we 
S^r^ m mean that the mind is taking cognizance of a 
*^**' picture or image of the object formed on the 

retina. The manner in which the sensation is conveyed 
by the optic nerve to the brain^ and a knowledge of the 
external object imparted to the mind^ "is entirely un- 
known. 

DoM tiM MiM '^ ^^ pictoie, or image oa the n/6aB^ ia formed on a com- 
of OAt ^¥9 paiattrelj flat aor&oe, the aenae of aight can not of ita^ af- 
^S^^^^SL ^Covdanj immediate peioeptiofi of tibediataiieeyBize, or poei^ 
rfaa, ytiottm, of external otgeota. Thia Icnowledge we gain bj eTperie p o e 
^^' derived fiomooatimiedobearTatii^ and from tibe other aeoaea. 

A yooDg child haa no oonoeptioa of distanoe, and graapa at the mo(Hi as if 
it were an object immediately within ita reach. Persona bom blind 4uid re- 
atoied to aig^t bj aoigical operationa, altiioagh able to aee distinctly, can not 
properly oompfehend aay object or proapect before them. " I see men as 
trees walking/' said the man bom blind when restcffsd to sight Individuals 
thus situated acquire the correct sense of yision only by degrees, like in£uits , 
and it is by e^ierienoe that they leam to walk about among the objects 
around them, without the continual apprehension of striking themaelvea 
against every thmg they behold. 

What if Per- Perspective is the name given to that science 
•pectiref which tcachcs how to draw on a plane surface 
true pictures of objects as they appear to the eye from any 
distance and in any position. 

The skin of t^e artist consists in rightly applying the laws and principles 
of perspective ; and a picture is perfect to the extent in which it agrees with 
our experience of the objects it repiesentft 

714 Many optical and mental delusions are occasioned 
in estimating the size, figure, and position of objects, by 

• " The RaaOMt particle of airMIe rabatuiee dieaqgnidMible %y tte naked 070 apon a 
bIaek,groaad, or <tf a Uaek cntetaaoe upon a irhfte g^and, U lAontthe l-400th of an 
inch square. It la poialble, by the cloMsl attentioo, and hy the moat faroraMe directioa 
of Ught, to reoognixe partidea that are only 1.640th of an inch cqnare, but without any 
aharpnesB or certainty. But partidea which strongly reflect light may be seen when not 
half the sice of the least of the foregohig : thni, gold dost of the flaeness of 1.1125th of an 
inch may be discerned by the naked eye in common daylight When partidea that can 
not be distinguished by themsdres with the naked eye are placed in a row, they become 
visible ; and hence the ddleacy of vision is greater for lines than for single partidea. 
Thus, opaqne threads of no more than 1.4900th of an inch aeross, or'abent hidf Ibe diam- 
eter of the ■Ukworm*f fiber, maybe dlMtrned with the naked eye when they «n bald 
toward the light.*'— 2>r. Oarp$nUr. 
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an erroneous application of the experience which in ordi- 
nary cases supplies true and accurate conclusions. 

Thua^ to most persons a conflagration at night, however 
miqadge the distant, appears as if very near. Tha explanation of this mis- 
fir«*°to **^ihe ^^® ^ ^ follows: — flight radiating fix>m a center rapidly 
night r weakens as the distance from the center increases, being, for 

instance, only one fourth part as intense at double the dis- 
tance. The eye learns to make these ^owances, and by the clearness and 
intensity of the light proceeding from the object, judges with considerable ac- 
curacy of the comparative distance. But a fire at night appears uncommonly 
brilliant, and therefore seems near. 

The evemng-star rising over a hill-top, appears as if situated directly over 
tiie top of tiie eminence. The reason of this also is, that in judging we make 
bii^tnesB and oieionieeB t» depend on contiguity, as it ordinarily does; and 
as the ster is bright^ we tmooitaciottaly think it near u& 
Why do the mm ^^ consequence of terrestrial objects being placed in dose 
and moon ap. comparison, the sun and moon appear larger at their rising 
wh^nrising^!^ and setting than at any other time. This illusion is wholly a 
setting than »t mental one, since the organs of vision do not present to us a 

er times? laj^er image of the sun or moon in the horizon than when in 
the zenith, or overhead. 

Why does the "^^^ moon, although a sphere, appears to bo a flat surface, 
moon, a sphere, smce it is SO remote that we are unable to distinguish any 
St sITrfeTO? * difference between the length of the rays reflected from the 
circumference, and those reflected from the center. 

Thus the rays A D and C B, Fig. 290, appear to be no longer than the ray 

* - * of the same length, the part B 

> V , -p . will not seem te- be nearer to 

^ ' us than A and C ; and there- 

fore the curve ABC will look 
like a flat, or horizontal sur&ce. The rays A D and G D are 240,000 miles 
long. The ray B D is 238,910 miles long. 

yrh^f. ^^ 715. In order that the eye may see distinctly, 
w^foJ'dSl the picture formed upon the retina must be' 
ttnctTistonf illummated to' the right degree, and it must 
also remain sufficiently long upon the retina to produce a 
sensation upon the optic nerve. 

The image of an object on the retina may be illuminated too much or too 
little to produce a sensible perception of its form. Thus, we can gain no idea 
of the form of the sun by viewing it in the clear sky, because the degree of 
iUumination is so great, that the senae of vision is overpowered, just as sounds 
we BometimeB so intense as to be deafening. That it is the intense splendor 
alone which prevents a distinct perception of the sun's figure, is rendered 
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endent by the £atct that when a portion of the light is cut off by a eolcNfed 
glass, or a tbin cloud, the image of the son is seen distinctly. On the con- 
trary, we fail to perceive many stars at night, because the images they pro- 
duce on the retina are too &dntly illaminated to pioduce sensation. That 
some light from such stars actually enters the ^ye, Is prored by the fact that 
if we place a lens before the eye, and collect a greater quantity of their light 
upon the retina, they at once become visible. 

Can the eye The eye posseBscs a limited powei of accoiD- 
dlg?Li*Sf m^ noodating itself to varioas degrees of illumi- 
miaation? natiou. In the dark, the pupil of the eye 
enlarges its opening, and allows a greater number of rays 
to fall upon the retina ; in the light, the pupil contracts 
in proportion to the intensity of the illumination^ and 
diminishes the number of rays falling tipon the TOtina. 
.^^ j^ This change does not take place Instantaneously. When 

fh>iii*the light we leave a brilliantly Ulumlnated apartment iat night and go 
toto^the^dark, jjj^ ^^q ^^^ street, we are imable for a few moments to see 
difficait at first any thing distinctly. The reason of this Is, that the pupil of 
thing?* *"^ ^^® ®r®» which has become contracted in the light, is unable 
to collect sufficient rays from the objects m the dark to see 
them distincfly. In a few moments, however, the pupil dflates, afiows more 
rays to pass through its aperture, and we see more distmctly. The reverse 
of this takes place when we go from the daric into the light Oats, owls, and 
some other animals are able to see distinctly in the dark, because they have 
the power of enlarging the pupils of their eyes so as to collect the scattered 
rays of Hght. 

Eveiy impression made by light remains for a certsun length of time on 
the retina of the eye, according to the intensity of its efJteots, jSnd a measur- 
able period is necessary to produce a sensation. 

__, . . . We are unable, when riding rapidly on a railroad, to count 
prove the con- the posts of an ac^oining fence, because the Bght fiqm eac^ 

hJ^S^iSe P^ ^^ ^P^^ *^® ®y® ^ ^^^ "^^^ succession, that the mf- 
retina Jler the ferent images become ooni\iB6d and blended, and we do aet 
apfcwSd ? ^^ <>^*^ * difitmct vision of the partioulttc pacts. 

If we rotate a stick, lighted at one end, somewhat npldlyi 
it seems to produce a complete circle of fire ; the reason of this is, that the 
eye retains the image of any bright object for some little time after the object 
is withdrawn ; and as the light of the stick returns to each particular point of 
its path before the image previously formed has feded from the retina^ it«eems 
to form a com|^te circle of fire. 

This continuance of the impresaou of external olsyecis on 
dark whea we the retina after the light proceeding from theia k»A oeased to 
^*^' act, is the reason also why we ard not aeosibld of dsrlmini 

when we wink. 
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The apparent XDOtion of certain colored fignres in worsted work, known by 
the name of the " dancing mice/' is due to Uie fact that when the enr&oe 
is moved in a particular direction, as from side to side, the impression of the 
color on the retina remains ibr an appreciable interval after the figures have 
movedy and this gives to them an apparent motion. This efifect will not, 
however, take j^ace unless the colors of the figures, and the ground-work are 
very brilliant and complementary ol each other, as red upon a green ground. 

whenismotkm 716. No motiou is perceptible to the eye 
to Se^i?^?** which has a less apparent Telocity than one 
degree per minute. 

It is for this reascn that the motions of the heavenly bodien ale invisible, not- 
withstanding their immense velocity. The apparent xnotioti of the sun, moon, 
and stars, owing to the revolution of the earth, is one quarter of a degree a 
minute ; but if tlM eartii revolved on its axis in six hours instead of twenty* 
four, then l^e oelestial bodies would have a motion of one degree per minute, 
and their movementa would be distinctly perceptible. 

For the same reason, the motions of the hands of a clock are not per- 
ceptible to the eye. 

On the contrary, when a body moves with such rapidity fiom one position 
to another, that its image does not remain long enough upon one point of the 
retina to sufficiently impress it, it becomes invisible. Hence it is that a 
bail diachaiged from a cannon, and passing tranaveraely across the eye, is not 
seen. 

How is appa. Apparent motion is affected by distance, and 
JSteJ'^by "dtoi *^ motion of a body which is visible at one 
*^**^ distance may be invisible at another, inasmuch 

as the angular velocity will be increased as the distance is 
diminished. 

Thus, if an object at a distance of 57^ feet from the eye move at the rate 
of a foot per second, it will appear to move at the rate of one degree per 
second, inasmuch as a line one foot long at 57^ feet distance subtends an 
angle of one degree. Now if the eye be removed from such an object to a 
distance of 115 feet, the apparent motion will be half a degree, or tiiirty min- 
utes per second ; and if it be removed to thirty times that distance, tiie ap- 
parent motion will be thirty times slower. Or i^ on the other hand, the eye 
be brought nearer to the object, the apparent motion will be aocelerated in 
exactly the same proportion as the distance of the eye is diminished. 

A cannon-ball moving at 1,000 miles an hour transversely to the line of 
vision, and at a distance of fifty yards from the eye, will be invisible, since it 
will not remain a sufficient time in any one positi(Mi to produce perception. 
The moon, however, moving with more than double the velocity of the can- 
non-ball, being at a distance of 240,000 miles, has an apparent motion so alow 
as to be imperceptible to the unassisted eye. 
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OPTIOAL INSTBUHENTS. 

DfloerilM ths ^l*^* '^® portable camera obscura, such as is ordinarilj 
poruue Mm- used for photographic purposes, consists of a pair of achro- 
^^ matic double convex lenses, set in a brass mounting (see Fig. 

Fig. 29L 291), into a box con»sting of t^o parts, one of which 

slides within the other. The total length of the box is 
adjusted to suit the focal distance of the lens. In the 
back of the box, which can be opened, there is a square 
, l^jy piece of ground glass which receives the images of tiio 

H objects to which the lens is directed, and by sliding the 
movable part of the box in or out, the 
ground glass can be brought to tiie ^^' 292. 

precise focus. The interior of the box 
is blackened all over to extinguish 
anj stray light. 

The appearance of the camera as 
described is represented by Rg. 292. I 

Wh*tar«8pec 718. SpCCta- 

^«i«*' cles consist of 
two glass or crystal lenses, 
of such a character as to 

remedy the defects of vision in imperfect eyes, — mounted 
in a frame so as to be conveniently supported before the 
eyes. 
,^ ^ Spectacles are of two kinds, namely those 

What are the , / , , . _ /...,. 

two varietiea with couvcx glasscs, which magnify objects, 
or bring their images nearer to the eyes ; 
and those with concave glasses, ^hich diminish the ap- 
parent size of objects, or extend the limits of distinct 
vision. 

Some persons, in order to protect the eye from excessive light, use blue 
glasses as spectacles; they are, however, more mischievous than useful, since 
they absorb different parts of the spectrum unequally, and transmit the violet 
and blue rays. 
What ia a Mi- ^^^' -^ Microscopc 18 any instrument which 

croscope! magnifies the images of minute objects, and 
enables us to see them with greater distinctness. This 
result is produced by enlarging the angle of vision under 
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which the object is seen-— since the apparent magnitude 
of every body increases or diminishes with the size of this 
angle. 
Microscopes are of two kinds — simple and compound. 
In the simple microscope, the object under 

What are the . . f . , ^f ^ , ,^ , 

tiro varieties examiuatiou xs viewed directly, either by a 

of microscopes? . , , • i 

Simple or compound converging lens. 
In the compound microscope, an optical image of the 
object, produced upon arf enlarged scale, is thus viewed. 
The simple microscope is generally a simple convex lens, in the focus of 

•wliich the object to be examined 



Fia 293. 




mudi enlarged, as shown in the image A' B'. 

Kg. 294 represents the most im- 
proved form of mounting a simple 
microscope. A horizontal support^ 
capable of being elevated or depressed 
by means pf a screw and ratch-work, 
D, sustains a double-convex lens, A 
The object to be viewed is placed 
upon a piece of glass, C, upon a stand- 
ard, B, immediately bebw the lens. 
As it is desirable that the object to 
be magnified should be strongly 
illuminated, a concave mirror of glass, 
M, is placed at the base of the instru- 
ment, inclined at such an angle as to 
reflect the rays of light which fell 
upon it directly upon the object. 

What is the 720. The Com- 
Src^mporl pound Micro- 
Microscope ? scopc, in !ts most 



is placed. Little spheres of glass, 
formed by melting glass threads 
in the flame of a candle, form 
very powerful microscopes. 

Fig. 293 represents the mag- 
nifying principle of the micro- 
scope. An eye at E would see 
the arrow A B, under the visual 
angle A E B ; but when the 
lens, F F' is interposed, it is 
seen onder the visual angle at 
A' E B"*, and hence it appears 



Fig. 294 
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simple form, consists of two lenses, so arranged that 

the second lens magnifies the image formed by the first 

lens, or simple microscope. In this way the image of 

the object is examined by the eye, and not the object 

itself. 

The first of these lenses is called the object- 
How are the ..... . 

lenses of a orlass, or obicctive, since it IS always directed 

compound ml- ? ' ,. ,*' \ , . i • i . ^ i 

crosconedesig. immediately to tne^ object, which is placed 
very near it ; and the latter the eye-glass, or 
eye-piece, inasmuch as the eye of the observer is applied 
to it to view the magnified image of the object. 

Pig. 295. 



.■ :'i 


/.■■ 



Fig. 296 illustrates the magnifying principle of the componnd microsoope. 
O represents the object-glass placed near the object to bo viewed, A B, and 
G, the eye-glass placed near the eye of the observer, E. The object-glass, 0, 
presents a magnified and inverted image, a 6, of the object at th«^ focus of the 
eye-glass, Gr. The image thus formed, by means of the second lens or eye- 
glass, G, is magnified and brought to the eye at E, so as to appear under the 
enlarged visual angle, A' E B'. If we suppose the object-gla5?s, 0, to have a 
magnifying power of 25 — ^that is, if the image a h equals 25 A B, and the 
eye-glass, G, to have a magnifying power of 4 — then the total magnifying 
power of the microscope will be 4 times 25, or 100; tliat is to say, tho 
image will appear 100 times the size of the object. 

Fig. 296 represents the most approved form of mounting the lenses 
which compose a compound microscope. Tho tube. A, which contains in 
its upper part tho eye-glass, slides into another tube, B, in the bottom of 
which the object-glass is fixed ; this last tube also moves up and down in 
the stand, C, and in this way the lenses in the tubes may bo adjusted to tho 
proper distance from each other and the object. M is a mirror for reflecting 
light upon the object, and S a support on which the object to be examined 
is placed. 
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^ni»t ii a 721. A Telescope is any Fio. 296. 

TeiMcopdr instrument which magni- 
fies and renders visible to the eye the 
images of distant objects. This result 
is effected ia the same manner as in 
the microscope, viz., by enlarging the 
visual angle under which the objects 
are seen. 

Eow many Tclescopcs are of two 

S^"' *^ kinds, refracting telescopes 
*^®' and reflecting telescopes; 

the principle of construction in both 
being the same as that of the cotn- 
pound microscope. • 

What to a Re. 722. Thc Kcfracting 
^ing Tde- Telescope consists essen- 
tially of two convex lenses, 
the object-glass and the eye-glass. 
An inverted image of an object, as a 
star, is produced by the object-glass, 
and magnified by the eye-glass. 

Fig. 297 represents the principle of construction 
of the astroDomical refracting telescope. is an 

object-glass placed at the end of a tube, which collects the rays proceeding 
irom a distant object and forms an inverted image of tlie same at o o\ in the 
focus of the eje-glasa, Q-. Bj this the image is magnified and. viewed hj the 
eye at E. 

Fia. 297. 

^ „^ O 



What !fl 
Equatorial 
Teleacopo? 





723. When a telescope is mounted on an 
axis inclined to the latitude of a place, so that 
it can follow a star, or planet, in its diurnal 

revolution, by a single motion, it is called an Equato- 

BUL Telescope. 

Such an instrument is generally moved. by clock-work, and is accurately 
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counterbalanced hj an arrangement of weights. A small telescope callod tho 
finder, is attached near the eye end of the large one ; this is so adjusted that 
when the object is seen through it, it appears in the field of the large tele- 
scope, thus savmg much trouble in directing the instrument toward sny par- 
ticular object. 

The mounting and attachments of an equatorial telescope «ra lejiresented 
in Fig. 298. 

Fig. 298. 




What is & spy. 
glass? 



724. A sp7*glas8, or terrestrial telescope, 
differs from an astronomical telescope only in 
an adjustment of lenses, which enables the observer to see 
the images of objects erect instead of inverted. This is 
effected by the addition of two lenses placed between the 
eye and the image. 

The arrangement of the lenses, and tho course of the rays of light, in a 
common spy-glass, are represented in Fig. 299. O is th6 object-glass, and C 
L M the ey&rglasses, placed at distances from each other equal to double ibe^ 
focal length. The prc^ess of the rays through the objeet-glasa, O, and tke 
first eye-glass, 0, is the same as in the astronomical telescope, and an inverted 
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> is fonned ; but the second lens, L, reyeises the image^ which is viewed 
therefore, in an erect position by the last eye-glass, M. 

FiQ. 299. 

tr On 




Fw. 300. 




wimi iB the 725. The common opera-glass, also called 
wnrtruction^^ the Gaiaeau telescope from Galileo, its in- 
^^*^^ ' ventor, consists of a single convex object-glass 
and a concave eye-glass. 

Fig. 300 represents 
the construction of this 
form of telescope. is 
a single convex object- 
glass, in the focus of 
which an inverted image 
of the object would be naturally fonned, were it not for the interposition of 
the double-concave lens^ E. This receiving the converging rays of light, 
causes them to diverge and enter the eye parallel, and form an erect image. 

What fa a Re- ''^26. A Kcflecting Telescope consists essen- 
flwtin^g Tele- tially of a concave mirror, the image in which 
is magnified by means of a lens. The mirror 
employed in reflecting telescopes is made of polished 
metal, and is termed a speculum. 

The manner hi which the rays of light falling upon the concave speculum 
of a reflecting telescope are caused to converge to a focus is clearly shown 
in Fig. 301. The image formed at this focus is viewed through a double- 
convex len& 

Fia. 301. 




^g. 302 represents one of the earliest forms of the reflecting telescope, called 
from its inventor, Mr. Gregory, the " Gregorian Telescope." It consists of 
a concave metallic speculum, A B, with a hole hi its center, tod a convex 
©ye-glass, E, the whole being fitted into a tube. An mverted image, n' m', 
of a distant object is fonned by the speculum, A B ; this image is agaux 
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Pig. 302. 





reflected hj a email 
mirror, C D, and fisrms 
aa erect image at n m, 
which is mi^nified hj 
the lens, £, when ob- 
served bj the eye. 



Another form of 
the reflecting tele- 
scope, called the 
Newtonian, is rep- 
resented in Ilg. 303. 
It consists of a large 
ooncaye speculum, 
A B, set in one end 

of a tube, and a small plane mirror, D, placed ofofiquely to the axis of the 
tube. The image of a distant object formed hj the speculum, A B is reflect- 
ed by the mirror, C D, to a point, W n', on the aide of the tube, and is there 
viewed through an eye-glass, E. 

YiQ, 304. Large reflecting telescopes, 

at the present day, are so con- 
structed as to dispense with 
the small mirror. This is ao 
complished by slightly incline 
ing the large speculum, so as 
to throw the image on one 
side where it is viewed by an eye-glass, as is represented in Ilg. 304. 

Fig. 305. 
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The largest telescope ever constructed is that made bj Lord Rosse. This 
instrument, which is a reflecting tele^pe, is located at Parsonstown, ia 
Ireland. Its external appearance and method of mounting is represented in 
fig. 305. The diameter of the speculum is 6 feet, and its weight about 4 tons. 
The tube in which it is placed is of wood hooped with iron, 52 feet in length, 
and 1 feet in diameter. It is counterpoised in every direction, and moves 
between two walls, 24 feet distant, 72 feet long, and 48 feet high. The ob-' 
server stands on a platform which rises or falls, or at great elevation upon 
sliding galleries which draw out from the walU 

This telescope commands an immense field of vision, and it is said that ob* 
jects as small as 100 yards' cube, can be distinctly observed by it in the moon 
at a distance of 240,000 miles.* 

whatisaMagio ''^27. The Maglc Lantern is an optical in- 
Lantero? strumcnt adapted for exhibiting pictures paint- 
ed on glass in transparent colors^ on a large scale^ by means 
of magnifyipig lenses. 

Fig. 306. 




It consists of a metallic box, or lantern, A A^, Fig. 306, containing a lamp, 
L, behind which is placed a metallic concave mirror, p q. In front of the 
lamp are two lenses, fixed in a tube projecting firom the side of the lantern, 
one of which, m, is called the illuminator, and the other the magnifier. The 
objects to be exhibited are painted on thin plates of glass, which are intro- 
duced by a narrow opening in the tube, c d^ between the two lensea The 
mirror and the first lens, m, serve to illuminate the painting in a high degree, 
for the lamp being placed in their foci, they throw a brilliant light upon it^ 
and the magnifying lens, ti, which can slide in its tube a little backward and 
forward, is placed in such a position as to throw a highly magnified image of 
the drawing upon a screen, several feet ofi", the precise focal distance being 
adjusted by sliding the lens. The further the lantern is withdrawn from the 

* By the aid of this mighty instnuneiit, " one of the most wonderfal contrihntioni of 
art and science the vorlH has yet seen/* what astronomers have hefore called nebnla, on 
acconnt of their clond-like appearance, hare been discovered to be stars, or suns, analo- 
gous, in all probability, in constitution, to our own snn. In the constellations Andro- 
meda and the sword-hilt of Orion, both of which are viaible to the naked eye, these 
cload-like patches have been seen as clusters of stars. 
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What are Dis- 
■olvingTiew-B? 



screen, the larger the image will appear; but when the distance is considera- 
ble the image becomes indistinct 

728. The beautiful optical combinations 
known as Dissolving Views are produced by 
means of two magic lanterns of equal power, so placed as 
to throw pictures of precisely equal magnitude on the 
Qame part of the saijie screen. By gradually closing 
the aperture of one lantern and opening that of the other, 
a picture formed by the first may seem to be dissolyed 
away and changed into another. 

Thus, if the picture produced by one lantern represents a day landscape, 
and the picture produced by the other the same landscape by night, the one 
may be changed into the other so gradually as to imitate with great ezacfeaesB 
the appearance of approaching night 

What is ft Solar 729. The Solar Microscope is an optical in- 
Microacopef Btrumcnt constructcd on the principle of the 
magic btntem, but the light which illuminates the object 
is supplied by the sun instead of a lamp. 

This result is effected by admittmg the rays of the sun into a darkened 
room, through a lens placed in an aperture in a window shutter, the rays 

being received by a plane mirror fixed ob- 
• liquely, outside the shutter, and thrown 
horizontally on the lens. The object is 
placed between this lens and another 
smaller lens, as in the magic lantern ; and 
the magnified image formed is received upon 
a screen. In Fig. 307, which represents 
the construction of the solar microscope, G 
is a plane mirror, A the illuminating lena, 
and B the magnifying len& The objects to 
be magnified are placed between the lenses A and B. In consequence of 
the superior illumination of the object by the rays of the sun, it will bear to 
be magnified much more highly than with the lantern. Hence this form of 
microscope is ofl»n employed to represent, on a very enlarged scale, various 
minute natural objects, such as animalculae existing in various liquids, crys- 
tallization of various salts, and the structiure of vegetable substances. 



ria. 30t. 




CHAPTER XV. 

ELECTBICITT. 

What it Eiee- 730. ELECTRICITY is One of those subtle 
trwty? agents without weight, or form, that appear to 
be diffused through all nature, existing in all substances 
without affecting their volume or their temperature, or 
giving any indication of its presence when in a latent, or 
ordinary state. When, however, it is liberated from this 
repose, it is capable of producing the most sudden and 
desftuctive effects, or of exerting powerful influences by 
a quiet and long-continued action. 

Hovmaydec- '^31. Electrfcity may be excited, or called 
tefeuy be ox- Jjj^q activity by mechanical action, by chemical 
action, by heat, and by magnetic influence. 

"We do not know any reason why the nfeans above enumerated should de- 
velop electricity from its latent condition, neither do we know whether elec- 
tricity is a material substance, a property of matter, or the vibration of an 
ether. The general opinion at the present day is that electricity, like light 
and heat, is the result of vibrations of an ether pervading all space. 
How is %iec- 732. The most ordinary and the easiest way 
MtS^exdtedl of exciting electricity is by mechanical action 

—by friction. 
6oy doeseiec- If wc Hib a glass Tod, or a piece of sealing- 
^^ Mt^ wax, or resin, or amber, with a dry woolen, or 
manifestitseif? gjjj^. gu^gtance, thcse substances will imme- 
diately acquire the property of attracting light bodies, 
such as bits of paper, silk, gold-leaf, balls of pith, etc. 

This attractive force is so great, that even at the dis- 
tance of more than a foot, light substances are drawn to- 
ward the attracting body. The cause of this attraction 
is called electricity. 

Thales, one of the seven wise men of Greece, noticed and recorded the 
&ct more than two thousand years ago, that amber when rubbed would at- 

16* 
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When is a body 
said to be elee- 
trifledf 



What is «leetrie 
attraction f 



tract li^t bodies ; and the name eUdrUsiiy, used to designate soch pheno- 
mena has been derived from the Greek word fi^Ktpov^ electron, signifjiog 
aanber. 

What other ef- ^^ *^® frictioQ of the glass, wax, amber^ etc., 
tSSiSSUe nil is vigorous, small streams of light will be seen, 
^S^^^ a crackling noise heard, and sometimes a re- 
fiiction? markable odor will be perceived. 

733. When, by friction or other means, elec- 
tricity is developed in a body, it is said to be 
electrified, or electrically excited. 

The tendency which an electrified body has 
to move toward other bodies, or of other bodies 
toward it, is ascribed to a force called electric attraction, 
whatfaeiectric Evcry clcctrified body, in addition to its at- 
lapoiBion? tractive force, manifests also a repulsive force. 
This is proved by the fact that light substances, after 
touching an electrified body, recede from it just as actively 
as they approached it before contact. Such action is as- 
cribed to a force called electric repulsion. 

Thus, if we take a dry glass rod, mb it well 
with silk, and present it to a light pith ball, or 
feather, P, suspended from a support bj a silk 
thread, the ball or feather will be attracted to- 
ward tiie glass, as seen at G, Fig. 308. After it 
has adhered to it a moment, it will fij ofi^ or be 
repelled, as F from G', 

The same thing will happen If sealmg-wax be 
rubbed with dry flannel, and a like experiment 
made ; but with this remarkable difference, that 
when the glass repels the ball, the sealing-wax attracts it, ^^ 3^3^ 
and when the wax repels, the glass wUl attract Thus if we 
' suspend a light pith ball, or feather, by a silk thread, as in 
Fig. 309, and present a stick of excited sealing-wax, S, on 
one side, and a tube of excited glass, G, on the other, the ball 
will commence vibrating like a pendulum from one to the 
other, being alternately attracted and repelled by each, the 
one attracting when the other repels ; hence we conclude 
that the electricities excited in the glass and wax are different 

734 As the electricity developed by the 

than one kind frictiou of glass and Other like substances is 

^ *^ essentially different from that developed by 
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the friction of resin, wax, etc., it has been inferred that 
there are two kinds or states of electricity — ^the one called 
vitreous, because especially developed on glass, and the 
other resinous, because first noticed on resinous sub- 
stances. 

What is the The fundamental law which governs the re- 
^SiLi*^a? lation of these two electricities to each other, 
^SSSur*™* ^^^ which constitute the basis of this depart- 
ment of physical science, may be expressed as 
follows : — 

Like electncities repel each other, unlike electricities 
attract each other. 

Thus, if two aabstances are charged with vitreous electricity, they repel 
each other; two substances charged with resinous electricity also repel each 
other ; but if one is charged with yitreoos, and the other with resmous eleo^ 
triclty, they attract each other. 

When is a body "^^^^ Whcu a body holds its own natural 
non-eiectrifled? quantity of electricity undisturbed, it is said 
to be non*electrified. 

^^ When an electrified body touches one that 
trifled body is uou-electrified, the electricity contained in 
noa%iectrified, the formcr is transferred in part to the latter. 

what occurs ? 

Thus, on touching the end of a suspended dlk thread with a 

pi^ce of excited wax or glass, electricity will pass from the wax or glass into 

the silk, and render it electrified; and the silk will exhibit the effects of the 

electricity imparted toit^ by moving toward any object that may be placed 

near it. 

736. Two theories, based upon the phenom- 
ories have been eua of attraction and repulsion, have been 
^t for eiSt formed to account for the nature and origin of 
****** ^ electricity. These two theories are known as 
the theory of two fluids, and the theory of the single fluid ; 
or the theory of Du Fay, an eminent French electrician, 
and the theory of Dr. Franklin. 

737. The theory of two fluids, or the theory 
theory of two of Du Fay, supposcs that all bodies, in their 
^'"""^ natural state, are pervaded by an exceedingly 
thin subtle fluid, which is composed of two constituents^ 
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or elements, viz., the vitreous and the resinous electrici- 
ties. Each kind is supposed to repel its own particles, but 
attract the particles of the other kind. 

When these two fluids pervade a body in eqnal qnantities, they neutralize 
each other in virtue of their mutual attraction, and remain in repose; bat 
when a body contains more of one than ot the otiier, it exhibits vitreous or 
resinous electricity, as the case may be. 

,^^ 738. The theory of a single fluid, or the 

theoV of • theory propofnded by Dr. Franklin, supposes 
the existence of a single subtile fluid, without 
weight, equally distributed throughout nature ; every sub- 
stance being so constituted as to retain a certain quantity, 
which is necessary to its physical condition. 

When a substance pervaded by this single fluid is in its natural state or 
condition, it offers no evidence of the presence of electricity; but when its 
natural condition is disturbed it appears electrified. The difference between 
the electricity developed by glass and that by resin is explained by this 
theory, by supposing electrical exdtation to arise from the diSerenoe in the 
relative quantities of this principle existing in the body rubbed and the nib- 
ber, or in their powers of receiving and retaining electricity. Thus one body 
becomes overcharged by having abstracted this principle from the other. 

wii»iawpori. "^39. The two different conditions of electric- 
tt^ *Se^d3 i*y> which were called by Du Fay vitreous and 
*^' resinous electricities, were designated by Dr. 

Franklin as positive and negative, or plus and minus. 
Thus a body which has an overplus of electricity is called 
positive, and one that has less than its natural quantity 
is called negative. 

The theory of a single fluid has, until quite recently, been generally adop^ 
by scientific men, and tiie terms positive and negative electricities are uni- 
versally used in the place of vitreous and resinous. Within the last few 
years, however, some discoveries have been made which seem to indicate 
that the theory of two fluids is the one which approaches nearest to tiie truth. 
What Is Pro- ^ addition to these two theories respecting the nature of 
feasor Fan- electricity, another has been proposed by Professor Faraday, 
rf^'trid^7'*^ of England. He considers electricity to be an attribute, or 
quality of matter, like what we conceive of the attraction of 
gravitation.* 

* It is not easy to perfecUy explain to a beginner the vieiv which has been taken by 
Frofi9t8or Faraday <who ia at present th« highest recognized authority on this subject) re- 
neotlng the. natnra of electricity. The following statement, as given by a late writer 
(Robert Bunt), may be suffidently comprehensive and clear : ** Every atom of matter is 
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« ^. 740. light, heat and electricity appear to hare Bome prop- 

is there any ^. . ' . , •. j •, ^ . . 

connectioQ be- erties in commoni and each m&y be made, under certain cir- 

heat°aiid'Sei cumstances, to produce or excite the other. All are so lights 
tridty 7 Subtle, and diffusive, that it has been found impossible to recog- 

nize in them the ordinary characteristics of matter. Some sup- 
pose that l^ht^ heat, and electricity are all modifications of a commcMi principle. 
What aro the ^^^' ®^^<^<^^ exists In, or may be excited in all bodieai 
electrical di- There are no exceptions to this rule, but electridty is de- 
■uStoulcear ^ veloped in some bodies with great ease, and in others with 
great difficulty. All subs^oes, therefore, hare been divided 
into two classes, viz., Electrics, or those which can be easily excited, and 
Non-electrics, or those which are excited with difficulty. Such a division is, 
however, of little practical value in science, and at present is not generally 
recognized. 

There is no certain test which will enable us to determine, previous to ex- 
periment, which of two bodies snbmitted to friction will produce positive, and 
which negative electricity. Of all known substances, a cat^s fur is the most 
susceptible of positive, and sulphur of negative electricity. Between these 
extreme substances others might be so arranged, that any substance in the 
list being rubbed upon any othw, that which holds the highest place will be 
positively electrified, and that which holds the lower place negatively elec* 
trifled. For instance, smooth glass becomes positively electrified wh^i rub- 
bed with silk or flannel, but negatively electrified when excited by the back 
of a living cat Sealing-wax becomes positive when rubbed with the metals^ 
but negative by any thing else. 

CKit <me dee. ^^ ^0 case cau electiicitj of one kind be 
dted^iithSJt excited without setting free a corresponding 
aettte| free the amount of clectricity of the other kind ; hence, 
when electricity is excited by fidction, the rub- 
ber always exhibits the one, and the electric, or body 
rubbed, the other. 

What are eon- 742. Bodics differ greatly in the freedom^ 
B^^docton ^*^ which they allow electricity to pass over 
ofeiectricity? ^^ through them. Those substances which 

regarded aa dztstlng by virtoe of oertafn properties or powers, tbese being merely peca- 
liar affectiona, vMch may be Regarded as being of a similar mitnre to Tibrattons. It ii 
assnmed that the electric state is bat a mode or form of one of these affections. One par- 
ticle of matter, having received this form of disturbance, communicates it to all contigu- 
ous particlea--41iatis, those irfaieh are next to it, although not in contact— and this com- 
munication <^ force takes place more or less readily, the communicating particles assuming 
a polarized state — ^vhich may be explained as a state presenting two dissimilar extremities. 
When the commtmioation is slow, the polarized state is highest, and the body is said to 
be an insulator : insulation being the result If the particles communicate their condition 
readily, fhey are termed conductors : conduction is the result. The phenomena of in- 
duction, or the production of Ske effscts In contiguous bodies, is, flierefore, according to 
this view, but something analogous to the communication of tremors, or vibratloDS.** 
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facilitate its passage are called condactors ; those that re- 
tard, or almost prevent it, are called non-conductors. 

Ko substance can entirely prevent the passage of electricity, nor is there 
anj which does not oppose some resistance to its passage. 

What miv Of all bodies, the metals are the most per- 
SSScto"*^ feet conductors of electricity ; charcoal, the 
«'***'*^^' earth, water, moist air, most liquids, except 
oils, and the human body, are also good conductors of 
electricity. 

What ia fhe 743. The velocity with which electricity 
▼ctodt^ofeiec- pasgeg through good conductors is so great, 
that the most rapid motion produced by. art 
appears to be actual rest when compared to it. Some 
authorities have estimated that electricity will pass 
through copper wire at the rate of two hundred and 
eighty-eight thousand miles in a second of time — a ve- 
locity greater than that of light. The results obtained, 
however, by the United States Coast Survey, with iron 
wire, show a velocity of from 15,000 to 20,000 miles per 
second. 

What snb- Gnm shellac and gutta percha are the most 
SlS?ctoS°*!5' perfect non-conductors of electricity ; sulphur, 
electricity? scaling-wax, resin, and all resinous bodies, 
glass, silk, feathers, hair, dry wool, dry air, and baked 
wood are also non-conductors. 

Electricity always passes by preference over the best 
conductors. 

Thus, if a metaffic chain or wire is held m the hand, one end touching the 
ground and the other brought into contact with an electrified body, no part 
of the electricity will pass into the hand, the chain being a better conductor 
than the flesh of the hand. But i£, while one end of the chain is in contact 
with the conductor, the other be separated from the ground, then the electricitj 
will pass into the hand, and will be rendered sensible by a convulsive shock. 

When is a body 744. Whcu a conductor of electricity is sur- 
°* ^ rounded on all sides by non-conducting sub- 

stances, it is said to be insulated; and the non-conducting 
substances which surround it are called insulators. 
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^nieniaabody When a conducting body is insulated, it 
^rged** iritiS rctains upon its surface the electricity com- 
ttoctrid^? municated to it, and in this condition it is 
said to be charged with electricity. 

A oondiiotor of electricity can only remain electric as long as it is insulated, 
thai is, surrounded by perfect non-conductors. The air is an insulator, since, 
if it were not so, electricity would be instantly withdrawn by the atmosphere 
from electrified substances. Water and steam are good conductors, conse- 
^quently, when the atmosphere is damp, the electricity will soon be lost, 
which, in a dry condition of the air, would haye adhered to an insulated con- 
ductor for a long period of time. 

Thus a globe of metal supported on a glass pillar, or suspended by a silken 
cord, and charged with electricity, will retsan the charge. I^ on the con- 
trary, it were supported on a metallic pillar, or suspended by a metallic wire, 
the electricity would immediately pass away over the metallio surface and 
escape. 

In the experiments made with the pith balls (§ "IBS, Fig. 308), the silk 
thread by which they were suspended acts as an insulator, and the electricity 
with which they become charged is not able to escape. 

, ._, . 745. When electricity is communicated to 

Does electric!- i • •» t • • i i t 

ty aeeanmute a couducting body it rcsidcs merely upon the 
face or the in- surfacc, and docs not penetrate to any depth 

terlorofbodieat - ^ - ^ J r 

withm. 

itt 41 n Thus, if a solid globe of metal suspended by a 

cnlken thread, or supported upon an insulated 

1 1 glass pillar, be highly electrified, and two thin 

n hollow caps of tin-foil or gilt paper, fiimished 

I ^fllllll^ 1^1^-^ ^^^ insulating handles, &s is represented in 

I VBr l^'^^^ Fig- 310, be applied to it^ and then withdrawn, 

it will be found that the electricity has been 

completely taken off the sphere by means of the caps. 

An insulated hollow ball, however thin its substance, will contain a charge 
of electricity equal to that of a solid ball of the same size,, all the electricity in 
both cases being distributed upon the surface alone. 

In the case of a spherical body charged with electricity, 
foraa(^?My- the distribution is equal all over the surface; but when the 
tnflaence Its body to which the electricity is communicated is larger in one 
ditionf " direction than the other, the electricity is chiefly found at its 

longer extremities, and the quantity at any point of its sur- 
&ce is proportional to its distance from the center. 

The shape of a body also exercises great influence in retaining electricity : 
it is more easily retained by a sphere than by a spheroid or cylinder* but it 
readily escapes fix>m a pointy and a pointed object also receiYes it with the 
greatest &cility. 
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What is the "^^^^ ^^^ earth is considered as the great 
SdicuST^I' general reservoir of electricitj. 

When by means of a oondocting niligtsnoe a commmii* 
cation is established between a body ccxitaining an excess of electricitj and 
the earth, the body will immediately lose its surplus quantity, which paaseB 
into the earth and is lost by diffusion. 

What ifl eiec 747. When a body charged with electricity 
tricaiindaeiioaf ^^f ^^^ ^ind is bfought into proximity with, 
other bodies, it is able to induce or excite in them, with- 
out coming in contact, an opposite electrical condition. 
This phenomenon is called Electrical Induction. 

ExDlain the "^^^ ®^®^ arises from the general law of electrical attrao- 

phenomena of tion and repulsion. A body in its natural condition contains 
Inductioo. ^^ quantities of positive and negative electricities, and when 

this is the case, the two neutralize each other, and remain in a state of eqtuH- 
brium. But when a body charged with electricity is brought into proximity 
with a neutral body, disturbance immediately ensues. The electrified body, 
by its attractive and repulsive influence, separates the two electricities of the 
neutral body, repelling the one of the same kind as itself and attracting the 
other, which is unlike, or opposite. Thus, if a body electrified positively be 
brought near a neutral body, the positive electricity of the neutral body wSl 
be repelled to the most remote part of its surface, but the negative electricity 
will be attracted to the side which is nearest the disturbing body. Between 
these two regions a neutral line will separate those points of the body over 
which the two opposite fluids are respectively distributed. 

Pj^^ 3^j^ Let C a D, Fig. 311, be a metallic 

cylinder placed upon an insulating 
support, with two pith balls sus- 
pended at one end, as at D. If 
now an electrified body, E, be 
brought near to one end of the cyl* 
inder, the balls at the otiier ex- 
tremity will immediately diverge 
atom one another, showing the pres- 
" ence of fi«e electricity. This does 

not arise fipom a transfer of any of 
the electric fluid fhnn B to 0, for upon withdrawing the electrified body, 
E, the balls will &I1 together, and appear unelectrified as before ; but the 
electricity in E decomposes by its proximity the combination of the two 
electricities in the cylinder, GAD, attracting the kind opposite to itself 
toward the end nearest to it, and repelling the same kind to the fiirther 
end. The middle part of the cylinder. A, which intervenes between the 
two extremities, will remain neutral, and exhibit neither positive nor negative 
electricity. 
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Fio. 312. If three cylinders are 

placed in a row, touching 
one another, as in Fig. 312, 
and a positivelj electrified 
body, B, be brought in 
proximity to one extremity, 
the electricities of the cyl- 
inders will be decomposed, 
the negative being accamulated in N, and the positive repeBed to P. If in 
this condition the cylinder P be first removed, and then the electrified body, 
the separate electricities will not be able to unite, as in the former experi- 
ment, hot N will remain negatively, and P positively electrified. 

Explain tbe Thcse experiments explain why an electrified 
3SId w" surface attracts a neutral, or unelectrified body, 

S^ttS?'^!!- s^^^ ^^ * P^^^ ^^ I* ^^ ^^* ^^^^ electricity 
electrified body, causcs attractions bet wccu excited and unex- 
cited bodies, the same as between bodies oppositely ex- 
cited ; but that the pith ball is first rendered opposite by 
induction, and attracted in consequence of this opposition. 
A pith ball at a few inches distance from an electrified 
surface, is charged with electricity by induction ; and the 
kind being contrary to that, of the surface, attracticm en- 
sues ; when the two touch, they become of the same kind 
by conduction. 

A person may alao receive an electric shock by induction. Thusy if a per- 
son stand close to a large conductor strongly charged with electricity, he 
will be sensible of a shock when this conductor is suddenly discharged. 
This shock is produced by the sudden recomposition of the fluids in the 
body of the person, decomposed by the previous Inductive action of the 
conductor. 

wh»fc is an 748. An electrical machine is an apparatus, 
dSn??** ™*" ^7 means of which electricity is developed and 
accumulated, in a convenient manner for the 
purposes of experiment. 

ofwhateiMea- -^-U clcctrical machiues consist of three 
Sf^StertriSi principal parts, the rubber, the body on 



tnachine 
t? 



whose surface the electric fluid is evolved, 
and one or more insulated conductors, to 

which this electricity is transferred, and on which it is 

accumulated. 
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DeKribe the 
tiro rarieties 
of electrical 
inaehinei in 




Electrical machines are of two kinds, the 
plate and cylinder machines. They derive 
their names from the shape of the glass em- 
ployed to yield the electricity. 

Fia 313. ^e plate electrical machine, which is 

represented in Fig. 313, consists of a 
large circular plate of glass mounted 
upon a metallic axis^ and sapported up- 
on pillars fixed to a secure base, so that 
the plate can, by means of a handle, w, 
be turned with ease. Upon the sap- 
ports of the glass, and fixed so as to 
press easily but uniformly on the plate, 
are four rubbers, marked r r r r in the 
figure ; and flaps of silk, s Sy oiled oi\ one 
side, are attached to these, and secured 
to fixed supports by several silk cords. 
When the machine is put in motion, 
these flaps of silk are drawn tigfatiy 
against the glass, and thus the fiiotion is 
increased, and electricity excited. The 
points j>j> collect the electricity from the glass as it revolves, and convey it to 
the prime conductor, c, which is insulated and supported by the glass rod, g. 

The cylmder electrical machine represented by 
Fig. 314, consists of a glass cylinder, so arranged 
that it can be turned on its axis by a crank, and 
supported by two uprights of wood, dried and 
varnished. P S indicates the position and ar- 
rangement of the rubber and silk, and Y that 
of the prime conductor. The principle of the con- 
struction of the cylinder machine is, in every 
respect, the same as that of the plate machina 
What is the The rubber of an electrical ma- 
coastructton of chine consists of a cushion stuffed 
the rubber? .^u i. • j ^ - . , 

with hau*, and covered with 

leather, or some substance which readily generates electricity by fiiction. 
The efficiency of the machine is greatly increased by covering the cushion 
with an amalgam, or mixture of mercury, tin, and zinc* 

In the ordinary working of the machine, the rubber is connected by a chain 
with the ground, fi-om whence the supply of electricity is derived. 

• The beat composiUon of the amalgam is two parts, by Trelght, of «inc, one of tin, and 
«ix of mercnry. The mercnry is added to the mixture of the zinc and tin when in a fluid 
state, and the Vhole is then shaken in a wooden box until it is cold ; it Is then reduced to 
a powder, and mixed with a sufficient quantity of lard to reduce it to the eon^stency of 
Jmste. A thin coating of this paste is spread orer the cushion ; but before this is done, all 
darti «f the machine should be carefully cleaned and warmed. 




KLECTBICITT. 379 

What ifl the ^^ reoeiyer of electricity from an electrical machine is 
coQdttetor of Called the prime conductor. It usually consists of a thin brass 
SMshime?*'**** cylinder, or a brass rod, mounted on a glass pillar, or some 
other insulating material 

To put the electrical machine in good order, every part must be dry and 
dean, because dust or moisture would, by their conducting power, diffuse the 
electric fluid as fiist as accumulated. As a general rule, it is highly essential 
that the atmosphere should be in a dry state when electrical experiments are 
made, as the conducting property of moist air prevents the collection of a suP 
fident amount of electricity for the production of striking effects. In the 
winter, the experiments succeed best when performed in the vicinity of a 
fire; and it is advisable to place the apparatus in front of the fire for some 
time before it is employed. 

Ezolai fh Electricity is developed by the action of an electrical ma- 

method hi dune in essentially the same manner as it is in a simple glass 
trtelo* ^Mm *"^ ^^ friction. When the glass cylmder or plate is turned 
dereiops elee- round by the handle, the friction between the glass and the 
*^*^*y' rubber excites electridty ; positive dectricity bdng developed 

upon the glass, and negative upon the rubber. When the points of the prime 
conductor are presented to the revolving glass plate or cylinder, the positive 
electridty is immediatdy transferred to it, and it emits sparks to any conduct- 
ing substance brought near. The electridty thus abundantly excited is sup- 
plied from the earth to the rubber (by means of a chain extending to the 
groundX and the robber is continually havmg its supply drawn from it by the 
force called into action by friction with the glass. That the electridty is de- 
rived from this source is evident from the &ct that but a small quantity of 
electridty can be exdted when the metallic connection between the rubber 
and the ground is removed. For this reason the chain must always be 
attached to the robber when it is desired to develop positive electridty, and 
to the prime conductor when negative dectridly is required. 

According to the theory of a smgle fluid, the exdtement of electridty is as 
follows : — the friction of the glass and silk, by disturbing the electrical equi« 
librium deprives the robber of its natural quantity of electricity, and it is 
therefore left in a negative state, unless a fresh quantity be continually drawn 
from the earth to supply its place. The surplus quantity is collected on the 
prime conductor, which thereby becomes chaiiged with positive electridty. 
On the hypothecs of two electric fluids, the same frictional action causes 
the separation of the vitreous from the resinous electridty in the robber, which 
therefore remains resinously charged, unless there be a connection with the 
earth to restore the proportion of vitreous electridty of which the robber has 
been deprived. 

Various other arrangements have been devised for the pro- 
I^Uer^bTused Auction and accumulation of electridty. High-pressure steam 
as an electrical escaping from a steam-boiler carries with it minute partides 
macbhier ^^ water, and the friction of these agamst the surface of the 

jet from which the steam issues produces electridty ij^ great abundance. A 
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eteaqi-boiler, properly amuiged and insulated, therefore constitates a most 
powerful electrical machine; and by means of an apparatus of this character, 
constructed some time since in London, flashes of elect^city were caused to 
emanate from the prime conductor more than 22 inches in length. 

749. The Insulating Stool, which is a usual 
Bouthig Stool? appendage to an electrical machine, consists of 
a board of hard-baked wood, supported on 
glass legs covered with varnish. (See Fig. 315.) It is useful for 
insulating any body charged with electricity ; /md a person 
standing upon such a stool, and in communication with a 
prime conductor, wHl become chaiiged with electricity. 

Discharging Bods are brass 

ehftrgingBodsr ^^^^ terminating with balls, or 
with points, fixed to glass handles. 
With these rods electricity may be taken from a 
conductor without allowing the electrical charge 
to pass through the body of the operator. Their 
construction is represented in Fig. 316. 

An instrument called the '*IJmver8al 
Discharger," used to convey strong 
charges of electricity through -various 
substances, is represented by Fig. 317. 
It consists of two glass standards, 
through the top of which two metallic 
wires sUde freely; these wires are 
pointed at the end, ^ but have balls 
screwed upon them ; the other ends are furnished with rings. The balls rest 
on a table of boxwood, into which a slip of ivory, or thick glass, is inlaid^ 
Sometimes a press, jp', is substituted for the table, betweeu which any sub- 
stance necessary to be pressed, during the discharge, is held firm. 

760. An Electrophorus is a simple appara-^ 
tus, in which a small charge of electricity may 
he generated hy induction ; and this, communicated suc- 
cessively to an insulated conductor, may produce a charge 
of indefinite amount. 

It consists of a circular cake of resin (shell-lac), r. Fig. 318, 
laid upon a metallic plate ; upon this cake, the surface of which 
has been negatively electrified by rubbing it with dry silk or fur. 
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Describe the 
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FlO. 318. 




is placed a metallic cover, M, somewhat smaller in diam- 
eter, and furnished with a glass insulating handle, K 
The negative electricity of the resin, by acting induc- 
tively upon the two electricities combined in the cover, 
separates them — ^the positive being attracted to the 
under surface, and the negative repelled to the upper, 
on. tonchmg the cover with the finger, all the negative 
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electricity will escape, and the positive electricity alone remains, which is 
combiued with the negatiye electricity of the cake of resin, so long as the 
cover is in contact with it If we now remove the cover by its insulating 
handle, the positive electricity, which was before held at the lower part of 
the cover by the inductive action of the resin, will ]:>ecome free, and may be 
imparted to any insulated conductor adapted to receive it. The same pro- 
cess may be repeated indefinitely, as the resinous cake loses none of its elec- 
tricity, but simply acts by induction, and thus an insulated conductor may be 
charged to any extent 

751. An Electroscope is an instrument em- 
ployed to indicate the presence of free elec- 



What is an 
ElectroBcope? 



tncity. 



What ia the 
construction of 
an electroscope? 



It usually consists of two light conducting 
bodies freely suspended, which in their natural 
state hang vertically and in contact. When 
electricity is imparted to them, they repel each other, and 
the amount of their divergence is proportioned to the 
quantity of electricity diffused on them. 

The simplest form of the electroscope, called the " pith-ball electroscope," 
consists of two pilh-balls suspended by silk threads. When an excited body 
is presented, the balls will be first attracted, but immediately acquiring the 
same degree of electricity as the exciting body, they repel each other. An- 
other form of the pith-ball electroscope, represented at B, Fig. 319, consists of 
two pith-balls suspended by conducting threads within a glass jar, and con- 
nected with the brass cap, m. On touching the brass cap with an electrified 
FiO. 319. body, the two balls being similarly electri- 

fied, will repel each other. C, Fig. 319, 
represents a more delicate electroscope; 
two slips of gold lea? g g\ being substituted 
for ^Q pith-balls. If an excited substance, 
e, be brought near the cap of brass, the 
leaves will instantly diverge. The best 
electrometers are carefully insulated, so that 
the dectricity communicated to the balls or 
leaves may not be too soon dissipated. 

Electroscopes merely indicate 
the presence of an electrically excited body : they do not 
measure the quantity, either relatively or absolutely, of 
the electricity in action. 

752. An Electrometer is an instrument for 
measuring the quantity of electricity. 
The most simple form of the electrometer is represented at A, Fig. 319. It 
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ooDsifltfl of a Bemicirole of Tarnished paper, or ivoiy, fixed upon a Tertical 
rod. From the center of the semicircle a light pith-ball - is suspended, and 
the number of d^;ree8 through which the ball is attracted or repelled by any 
body brought in proximity to it, indicates in a degree the active quantity of 
electricity present No .very accurate results, however, can be obtained with | 
this i4>paiatus; and for accurate investigation, instruments of more ingenious' 
and complicated oonstraction are used. 1 

The electrometer usually employed for measuring with 
great accuracy small quantities of^ electricity, is that of 
Coulomb's, usually called the Torsion Balance. 

Explain the ^® construction of this instrument is as follows : — X needle, 
oonntraetion of or stick of shell-lac, bearing upon one end a gUded pith-ball, is 
SSance!^"*****" suspended by a fiber of silk within a glass vessel— the needle 
being so balanced, that it is firee to turn horizontally around 
the point of suspension in every direction. When the pith-ball is electrified 
by induction, the repellent force causes the needle to turn round, and this 
produces a degree of torsion, or twist in the fiber which suspends it ; and the 
tendency of the fiber to untwist, or return to its original position, measures 
the force which turns the needle. 
Within the glass vessel, which is cylin- 
drical, a graduated circle is placed, 
which measures the angle through 
which the needle is deflected. In the 
cover of the vessel an aperture is made, 
through which the electri6ed body may 
be introduced, whose force it is desired 
to indicate and measure by the ap- 
paratus. Fig. 320 represents the con- 
struction and appearance of the torsion 
balance. 

By means of tha 

torsion balance, 

Coulomb proved 

that the law of 
electrical attraction and re- 
pulsion, as influenced by dis- 
tance, is the same as the law 
of gravitation ; that is, the force varies inversely as the 
square of the distance. 

753. The Leyden Jar is a glass vessel |ised 

for the purpose of accumulating electricity de- 
rived from electrically excited surfaces. 



What import- 
ant lair of 
electricity has 
been proved by 
the torsion bal- 
ance? 




WhatisaLeyt- 
den Jar f 
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Explain ihftae* 
tion and con- 
struction of the 
Coated Pane. 



FlO. 321. 




prodnce an elec- 
tric shock t 



In what man- 
ner was the 
principle of the 
Leyden Jar first 
maide known? 



The principle of the Leyden Jar may 

be best ezplained^y describings what ia 

called the "coated," or "fulminating 

pane." This consists of a glass plate, Fig. 

321, Of having a square leaf of tin-foil, b, attached to eadi 

side. K the plate be laid upon a table, and a chain fh>m 

the prime conductor of an electrical machine be brought 

m contact with the tin-foil upon one side, the plate will 

become charged— the upper side with positive, and the 

under with negative electricity. 

_ If two sach oonductora^ ai the plates of tin-foil attached to 

How may a ., ._^,., 

coated pane a pane of glass, be strongly charged with electncity m the 

manner described, and then, by means of the human body, be 
put in communication — ^which may be done by touching one 
plate with the fingers of one hand, and the other with the fingers of the other 
hand — the two electric fluids in rushing together, pass through the body, and 
produce the phenomenon known as the electric shock. 

754. The Leyden Jar is constructed upon the same princi- 
ple as the coated pane, and its discovery, accompanied with 
the first experience of the nervous commotion known as the 
electric shock, occurred in this way: In l'i46, while some 
scientific gentlemen at Leyden, in Holland, were amusing them- 
selves with electrical experiments, it occurred to one of them to charge a 
tumbler of water with electricity, and learn by experiment whether it would 
afiect the tasta Accordingly, having fixed a metallic rod in the cork of a 
bottle filled with water, he presented it to the electrical machine for the pur- 
pose of electrifying the water, holding at the same time the bottle in his hand 
by its esctemal surface, without touching the metallic rod by which the elec^ 
tricity was conducted to the water. The water, which is a conductor, re- 
ceived and retained the electricity, since the glass, a non-conductor, by which 
it was surrounded, prevented its escape. The presence of fi^e electricity in 
the water," however, induced an opposite electridty on the outside of the glassy 
and when the operator attempted to remove the rod out of the bottle, he 
brought the two electricities into* communication by means of his hand, and 
received, for the first time, a severe electric shock. Nothing could exceed 
the astonishment and consternation of the operator at this unexpected sensa- 
tion, and in describing it in a letter immediately afterward to the French 
philosopher Reaumur, he declared that for the whole kicgdom of France he 
would not repeat the experiment. 

The experiment, however, was soon repeated in different parts of Europe, 
and the apparatus by which it was produced received a more convenient 
form, the water being replaced by some better conductmg substances, as 
metal filings, for which tin-foil was afterward substituted. 

The Leyden Jar, as usually constructed, con- 
construction of sists of a glass jar. Fig. 322, having a wide 
the Leyden jar. j^^^^jj^ j^jj J coatcd, externally and internally, to 
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within two or three inches of the month, 
or to the line a 6, with tin-foiL .tfVooden 
cover, well varnished, is fitted into the 
mouth of the jar, through which a stout 
brass wire, furnished with a ball, passes, 
having a chain or wire attached to its 
lower end, so as to be in contact with 
the inside coating. 

Ht>,riaa Ley. ^ Loydcu jar is chaigcd 
denjarcharg. bv presenting the brass ball 

at the end of the rod of the 
jar to a prime conductor of an electrical machine in 
action, or to any other excited surface. To charge a jar 
strongly, it is necessary that the outside coating should be 
directly or indirectly connected with the ground. 
HovisaLey. -^ Lcydcu jar is discharged by effecting a 
^x^S^f ^ communication between the outer and inner 

surfaces by means of a good conductor. 

H whon we have charged the jar, we hold the exterior coating in ono 
hand and touch the knob with the other, a Bpark is observed, and the peculiar 
sensation of the electric shock experienced. 

Any number of persons can receive a shock at the same time by forming a 
chain by holding each other's hands— the first person in the chcle touching 
the external coating of the jar, and the last the knob. 
Where does When a Leyden jar is charged, the electricity resides wholly 



Fig. 323. 



the electricity on the surface of the glass; the metallic coatings having no 
ofa Le^denjar ^^^^ ^^^^ ^^^^ ^ conduct the electricity to the surfaoe of 
the glass, and, when there, afford it a free passage from point 
to point. 

The power of a Leyden jar will therefore depend upon its size, or extent 
of surface. 

As very large jars are inconvenient and 
expensive, very strong charges of electricity 
are obtained by combining a number of jars 
together. 

,,^ ^ , A combination of 

What Is an 

Electrical Bat- Leydeu jars, so ar- 
ranged that they may 
be all charged* and discharged 
together, constitutes an Electri- 
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What experi- 
ments illuHtrate 
the attractive 
and repulsive 
forces of elec* 
trlcity? 



Pig. 324. 



cai Battery. This may be effected by forming a connec- 
tion between all the wires proceeding from the interiors 
of the jars, an J also connecting all their exterior coatings. 

Such an arrangement is represented by Fig. 323. The discharge of elec- 
tricity from such a combination is accompanied by a loud report ; and when 
the number of the jara is considerable, animals may be killed, metal wires 
be melted, and other eflfects produced analogous to those of hghtning. 

755. By means of an electrical machine and the Ley don 
Jar, many interesting and amusing electrical experiments 
may be performed. 

The phenomenon of the repulsion of substances similarly 
electrified, may be illustrated by means of a doll's head cov- 
ered with long liair. When this is at- 
tached to the prime conductor of an elec- 
trical machine, the hairs stand erect, and 
give to the head a most exaggerated ap- 
pearance of fright. See Fig. 324. 

The same thing may be shown by plac- 
ing a person on a stool with glass legs, 
so that he bo perfectly insulated, and 
making him hold in his hand a brass rod, 
the other end of which touches the prime 
conductor ; then on turning the machine, 
the hairs of the head will diverge m all 
directions. 

If a small ^number of figures are cut 
out in paper, or carved out of pith, and 
an excited glass tube be held a few 
inches above them on a table, the figures 
will immediately commence dancing up and down, assummg a variety of droll 
positions. The experiment can bo shown better by means 
of an electrical machine than with the excited tube, by 
suspending horizontally from the prime conductor a metal 
disc a few inches above a flat metal surface connected with 
the earth, on which the figures are placed. On working 
the machme, the figures will dance in a most amusing 
manner, being alternately attracted and repelled by each 
plate. See Fig. 325. 

«rv . . .V The electrical bells, Fig. 326, which are 

What is the . , . . 

experiment of rung by electric attraction and repulsion, 

b^ua?^^**'*^*'*^ ^^^ ^^^ illustrations of these forces. Where 

three bells are employed, the two outer 

bflls A and B, are suspended by chains, but the central 

one and the two clappers hang from silken strings. The 

middle bell is connected with the earth by a chain or wire. 

17 




Fig. 325. 
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ITpon working the machine, the outer bells become positively electrified, and 
Pj^ 32 g *^® middle one, which is insulated from the 

prime oondactar, becomes negative by in- 
duction. The little clappers between them 
are alternately attracted and repelled by the 
outer and inner bells, producing a constant 
ringing as long as the machine is in action. 
It was by attaching a set of bells of this 
kind to his lightning-conductor, that Dr. 
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^^ (^ ^\ i ^^ Franklin received notice, by their ringing, 
A 1^ B of the passage of a thunder-claud over his 

apparatua 
Let a skein of linen thread be tied in a 
knot at each end, and let one end of it be attached to somo part of the con- 
ductor of a machine. When the machine is worked the threads will become 
electrified, and will repel each other, so that the skein will swell out into a 
form resembling the meridians drawn upon a globe. 

If we ignite the extremity of a stick of sealing-wax, and bring the melted 
wax near to the prime conductor of a machine, numerous fine filaments of 
wax will fly to the conductor, and will adhere to it, forming upon it a sort 
of network like wool This is a simple case of electrical attraction. The 
experiment will succeed best if a small piece of wax is attached to the end 
of a metal rod. 

What effect ha« ' ^56. When a current of electricity passes 
a w^iJdilctor?*'' through a good conductor of sufficient size to 
carry off the whole quantity of electricity 
easily, the conductor is not apparently affected by its 
passage ; but if the conductor is too small, or too imper- 
fect to transmit the electric fluid readily, very striking 
effects are produced — the conductor being not unfre- 
quently shivered to pieces in an instant. 

__ . The mechanical effects exerted by electricity in passing 

mentsiUustrate through imperfect conductors, may be illustrated by many 
e^X'.f'SS! Simple experiments. 

tricity ? If wo transmit a strong charge of electricity through water, 

the liquid will bo scattered in every durection. 

A rod of wood half an inch thick may be split by a strong charge from a 
Leydcn jar, or battery, transmitted in the direction of its fibers. 

If we place a piece of dry writing-paper upon the stand of a universal dis- 
charger, and then transmit a charge through it, the electricity, if sufficiently 
strong, will rupture the paper. • 

If we hold the f)<me of a candle to a metallic point projecting from the 
prime conductor of an electrical machine in action, the current of air caused 
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by the issuing of a current of electricity from the point, will be suflScient to 
deflect the flame, and even blow it out. 

Hoirdoeaeiec 757/ The passage of electricity from one 
hiS'f *^**^^ substance to another is generally attended with 
an evolution of heat, and a current of electricity 
passing over an imperfect conductor, raises its temperature. 
The temperature of a good conductor of sufficient size 
to allow the electric fluid to pass freely, is not affected by 
the transmission of a current of electricity ; but if its size 
is disproportionate to the quantity of fluid passing over 
it, it will be heated to a greater or less degree. 

If a small charge of electricity be passed through small metal wire a few 
i&cfaes in len^h, its temperatoro will be sensibly elevated ; if the charge be 
Incr^aded, the wire may be made red hot, and even melted and vaporized. 

The worst conductors of electricity suflfer much greater changes of tem- 
perature by the same diarge than the best conductors. The charge of elec- 
tricity which only elevates the temperature of one conductor, will sometimes 
tender another red hot, and will volatilize a third. 

The heat developed in the passage of electricity through 
combustible or explosive substances, which are imperfect 
conductors^ causes their combustion or explosion. 

If gunpowder be scattered over dry cotton loosely wrapped round one end 
of a discharging-rod, it may be ignited by the discharge of a Leyden jar. _^ 

In the same way powdered resin may be inflamed. 

Ether or alcohol may be also fired by passing through it an electric dis- 
charge. Let cold water bo poured into a wine-glass, and let a thin stratum 
of ether be carefully poured upon it. The ether being lighter will float on 
'the water. Let a wire or chain connected with the prime conductor of a 
machine be immersed in the water, and, while the machine is in action, pre- 
sent a metallic ball to the surface of the ether. The electric charge will pass 
from the. water through the ether to the ball, and will ignite the ether. 

if a pertou standing on an insulated stool touches the prime conductor 
with one hand, and with the other transmits a spark to the orifice of a gas- 
pipe from which a current of gas is escaping, the gas will be ignited. 

By the friction of the feet upon a dry woolen carpet, suflQcient electricity 
may be often excited in the human body to transmit a spark to a gas-burner, 
and thus ignite the gas. 

If we bring a candle with a long snuff, that has just been extinguished, 
near to a prime conductor, so that the spark passes from the conductor, 
through the smoke, to the candle, it may be relighted. 

Is the electric The clectric fluid is not itself luminous ; but 
fluidiuminous? j^g motiou ovcr imperfect conductors, or from 
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one conducting substance to another, is generally attended 
with an exhibition of light. 

The strongest electric charges that can be accumulated 
regarded as » in a body will never afford the least appearance of light so 
property of j^j^g ^^ g, state of electric equilibrium exists, and the electric 
: fluids are at rest. Light, therefore, must not be ipgarded as 

a property of electricity, h\x% as the result of a disturbance occasioned by 
electricity. 

The fur of a cat sparkles when rubbed with the hand in 
l?!?^of T cat cold weather. The reason of this is, that the friction between 
Bparkief ^^jq ijand and the fur produces an excitation of negative elec- 

tricity in the hand, and positive in the fur, and an interchange of the two 
is accompanied with a spark, or appearance of light 
Wl»t i. th. Whenthefinger j^^_ 33, 

form of the or a brass ball at . 
electricepark? ^^^^ ^^^ of a rod, is 

presented to the prime conductor 

of an electrical machine in action, 

a spark is produced by the passage 1 

of the fluid from the conductor to 

the finger or the metal. This 

Bpark has an irregular zigzag form, resembling, more or leas, the appearance 

of lightning, as shown in Fig. 327. 

Upon what does The length of the electric spark will vary 
eiectrif**f *?k with the power of the machine. A very 
depend? powcrful machine will so charge its prime 

conductor, that sparks may be taken from it at the 
distance of 30 inches. 

„ , Ifthepartofei- R:a. 328^ 

How does a ., oxu t x_: P — ' ^ 

point Influence ther of the elect©- | 

otepaAT cally excited bod- 

ies which is pre- I 
sented to the other has the form 
of a point, the electric fluid will 
escape, not in the form of a spark, 
but as a brush, or pencil of light, 
the diverging rays of which have sometimes a length of two or three indxeet 
rig. 328 represents this appearance. 

A substance parting with electricity generally exhibits an irregular sparky 
or flash of light; while a substance absorbing electricity exhibits a brush or 
glow of light 

mat io the The rapidity of the electric light is marvel- 
SlctSclpLk? ous ; and it has been experimentally shown 
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that the duration of the light of the spark does not 
exceed the one-millionth part of a second.* 

"When the coDtinuity of a substance conducting electricity is interrupted, a 
spark will be produced at ©very point where the course of the conductor is 
broken. 

A great Variety of beautiful experiments may bo performed to illustrate 
this principle. Thus, upon a piece of glass may be placed at a short distance 

from each other any number of bits or 
pieces of tin-foil, as is represented by 
Fig. 329 ; when the metal at either end 
is connected with the prime conductor 
of an electrical machine, the sparks will 
pass from one piece of tin-foil to the 
other, and form a stream of beautiful 
light. By varying- the position of the 
pieces of tin-foil, letters^ or any other devices may be exhibited at the pleasure 
of the operator. 

In a like manner, by fasten- 
FiO. 330 ing by means of lac-varnish a 

spiral line of pieces of tin-foil 




rtljf^ ^<^ ^ ^f" ,***%'*'' ^*'*' / ^^""TH ^P^'* *^® interior of a tube, as 
\> ^ ^ ^ ^ — '^ ^' ^ — * — -^ — mJ is represented in Fig. 330, a 



serpentine line of fire may be 
made to pass from one end of the tube to the other. 

* The arrangement by which this fact vas demonstrated by Mr. Wheatstone of England, 
may be described as follows : — Considerable lengths of copper wire (about half a mile 
being employed), are so arranged, that three small breaks occnr in its continuity— one near 
thte outer coatiag of a Leyden jar, one near the connection with the inner coating, and 
another exactly in the middle of the wire— so that three sparks are seen at every dis- 
charge, one at the break near the source of excitation, another in the middle of its path, 
and the third close to the point of returning connection ; these, by bending the wire, are 
brought close t<^ether. Exactly opposite to this was placed a metallic speculum, fixed 
on an axis, and made to revolve parallel to the line of the three sparks. When a spark 
of light is viewed in a rapidly revolving mirror, a long line is seen instead of a point It 
will be obvious that three lines of light will be seen in the revolving mirror every time a 
discharge takes place, and that if the first or the last differ in the smallest portion of time, 
these lines must begin at different points on the speculum. 

When the mirror revolved slowly, the position of the lines was uniform, thus IZ 

but when the velocity was increased, they appeared thus n ■ ; those pro- 

duced by the sparks at either end of the wire being constantly coincident, but the spark 
evolved at the break in the middle being slightly behind the other two. From this, it 
appears that the disturbance commences simultaneously at either end of a circuit, and 
travels toward the middle. This has been adduced in proof of the two electricities. It 
was thus determined that electricity moves through copper wire at a rate beyond 288,000 
miles in a second. It will be evident to any one considering the subject, that the length 
of the line seen in the speculum depends on the duration of the spark. When the mirror 
was made to revolve 800 times in a second, the image of the spark, at 10 feet distance, 
appeared to the eye of the observer to make an arc of about half a degree, and from thia 
its duration was calculated.— JJun£, 
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Upon what doei 758. The intensity of the electric light de- 
Se'°**c&c pends both upon the density of the accumu- 
light depeud? lated electricity, and the density and nature of 
the aerial medium through which the spark passes. 

Thus, the electric light, in condensed air, is very bright, and in a rarefied 
atmosphere it is faint and diffusive, like the light of the aurora borealis ; in 
carbonic acid gas the light is white and intense ; it is red and &int in hjdror 
gen, jellow in steam, and green in ether or alcohol. 

„ . It, by means of an air-pump, the air is exhausted from a 

auroral light be long cylindrical tube closed at each end with a metallic cap, 
imitated 1 ^^^ ^ current of electricity passed through it, an imitation of 

the appearance of the aurora borealis is produced. When the exhaustion of 
the tube is nearly perfect, the whole length of the tube will exhibit a violet 
red light If a small quantity of air be admitted, luminous fla^ies will be jseen 
to issue from points attached to the^caps. As more and more air is admitted, 
the flashes of light which glide in a serpentine form down the interior of the 
tube will become more thin and white, until at last the electricity will cease 
to be diffused through the column of air, and will appear as a glimmering 
light at the two points. 

759. The crackling noise, or sound which is produced 
by the electric discharge, is attributed to the sudden dis- 
placement of the particles of air, or other medium 
through which the electric fluid passes, 

760. The electric shock, or convulsive sensation occa- 
sioned by the passage of the electric fluid through the 
body of a man, or animal, is supposed to arise from a 
momentary derangement of the organs of the body, ow- 
ing to an imperfection, or difference in the conducting; 
power of the solids and fluids which compose them. 

If this derangement does not exceed the power of the parts to recover thdr 
position and organization, a convulsive sensation is felt, the violence of which, 
is greater or less according to the force of electricity and the consequent de- 
rangement of the organs ; but if it exceeds this limit, a permanent injury, or even 
death, may ensue. 

What are the 761. lu the proccsscs hithcrto described 
Agents iTnl! clcctricity has been developed by friction. In 
dJctriciry ?"°^ nature the agents which are undoubtedly the 
most active in producing and exciting elec- 
tricity, are the light and heat of the sun's rays. 

The change of form or state in bodies is also one of the 
most powerful methods of exciting electricity. 
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Water, in passing into steam by artificial heat, or in evaporating by the ac- 
tion of the sun or wind, generates large quantities of electricity. Thu crystal- 
lization of solids from liquids, all chaoges of temperature, the growth and de- 
cay ot vegetables, are also instrumental in producing electrical phenomena. 

Poes vital and Keccnt investigations have shown that vital 
SJITSSteei^ action and all muscular movements in man 
tridty? g^jj^j animals, develop or produce electricity; it 

may also be shown by direct experiment that a person 
can not even contract the muscles of the arm without ex- 
citing an electrical action. 

Certain animals are gifted with the extraordinary power of producing at 
pleasure considerable quantities of electricity in their system, and of commu- 
nicating it to other animals, or substances. Among these the electrical eel 
and the torpedo are most remarkable, the former of which can send out a 
charge suflBcient to knock down and stun a man, or a horse. The electricity 
generated by these animals appears to be the same in character as tliat pro- 
duced by the electtical machina 

762. It has of late become the habit with many to regard 
reason in as- electricity as the agent of all phenomena in the natural world, 
cribing nn- ^Jjq cause of which may not be apparent. For this there is no 
known pneno- , ^, . . . ,.«. , i , « .^ 

mena to eleo- good reason. Electricity is diffused through all matter, and 
tricity? jg ^^gj. actiyQ^ and many of its phenomena can not be satis&c- 

torily explained ; but it is governed, like all other forces of nature, by cer- 
tain fixed laws, and it is by no means a necessary agent in all the operations 
of nature. It therefore argues great ignorance to refer without examination 
every mysterious phenomenon to the influence of electricity. 

SECTION I. 

ATUOSPHEBIO ELEOTRICITT. 

Does electricity 763. Elcctricity is alwavB found in the air, 
*^here? *^ and appears to increase in strength and quan- 
tity with the altitude. 
What kind of It is sometimes difterent in the lower re- 
diSIid'^ *' gions from what it is in the upper, being posi- 
SJspherlV**" tive in one and negative in the other ; but in 
the ordinary state of the atmosphere, its elec- 
tricity is invariably positive. 

When the sky is overcast, and the clouds are moving 
in different directions, the atmosphere is suhject to great 
and sudden variations, rapidly changing from positive 
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to negative, and back again in the space of a few min- 
utes. 
_^ . The principal causes which are supposed to 

What is rap- , "^ , ^ . . . :, ^ ^ 

posed to occa- ptoduce electncity m the atmosphere are, 
in the utmos- cvaporatiou from the earth's surface, chemical 
* ^ changes which take place upon the earth's 

surface, and the expansion, condensation, and variation of 
temperature of the atmosphere and of the moisture con- 
tained in it. 

When a substance is burning, positive electricity escapes from it into the 
atmosphere, wliile the substance itself becomes negatively electrified. Thus 
the air becomes the receptacle of a vast amount of positive electricity gener- 
ated in this manner. 

. ^ The atmosphere is most highly charged with 

When is the , . . . , , ^ , ,i ^ i 

atmosphere clectr^city wueu hot wcathcr succeeds a series 
Sia'rged witf of wct davs, or wet weather follows a succes- 

electridty? . /. -, i 

sion 01 dry days. 

There is more electricity in the atmosphere during the 
cold of winter than in the summer months. 

Lightning is accumulated electricity, generally dis- 
charged from the clouds to the earth, hut sometimes 
from the earth to the clouds. 

Who first es. 764. The identity of lightning and electric- 
weJIS;^ 'of ity was first established by Dr. FrankUn, at 
efJ^SiS?,r* Philadelphia, in 1752. 

The manner in which this fact was demonstrated was as fol« 
Describe Fnnk- jQ^g . — ^Having made a kite of a large silk handkerchief stretch- 
ment ed upon a frame, and placed upon it a pointed iron wire con- 

nected with the string, he raised it upon the approach of 
a thunder-storm. A key was attached to the lower end of the hempen 
string holding the kite, and to this one end of a silk ribbon was tied, 
the other end being fastened to a post The kite was now msulated, 
and the experimenter for a considerable time awaited the result with 
great solicitude. Finally, indications of electricity began to appear on the 
string; and on FrankHn presenting his knuckles to the key, he received 
an electric spark. The rain beginning to descend, wet the string, increased 
its conducting power, and vivid sparks in great abundance flashed from 
the key. Franklin afterward charged Leyden jars with lightning, and 
made other experiments, similar to those usually performed with electrical 
machines. 
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Wh was this ^® experiment, as thus performed, was one of great risk 
experiment one and danger, since the whole amount of electricity contained in 
gerf^* *"*■ the thunder-cloud was liable to pass from it, by means of 
the string, to the earth, notwithstanding the use of the silk 
insulator.* 

What is th ^'om whatever cause electricity is present in the air, the 

cause of li^t- douds appear to collect and retain it ; and when a cloud over- 
^^^ ^ charged with electric fluid approaches another which is under- 

charged, the fluid rushes from the former into the latter. In a like manner, 
the fluid may pass from the cloud to the earth, and in such cases elevated 
objects upon the earth's surface, as trees, steeples, etc , appear to govern its 
direction. 

_ , When a cloud highly charged with electricity is near to the 

circumstances earth, the Surface of the earth, for a great extent, may also 
does Ughtning become highly charged by induction ; and when the tension 
earth to the of the electricity becomes sufficiently great, or the two elec- 
douds? ^pJq surfaces come sufficiently near, a flash of lightning not 

an&equently passes from the earth to the clouds. In this way an equilibrium 
of the two elements is restored. 

Lightning clouds are sometimes greatly elevated above the- surface of the 
earth, and sometimes actually touch the earth with one of their edges ; they 
are, however, rarely discharged in a thunder-storm when they are more than 
700 yards above the surface of the earth. 

^^ ^^^ 765. Lightning has been divided into three 

Mods of «ght- kinds, viz., zigzag, or chain-lightning, sheet- 

» lightning, and ball-lightning. 

Explain the The zigzag, or forked appearance oMightning, is believed to 
Sy^se appear- ^® occasioned by the resistance of the air, which diverts the 
anoe of light- electric current from a direct course. The globular form of 
^ lightning sometimes observed, is not satisfactorily accounted 

for. "What is called "sheet," or "heat" lightning, ia sometimes the reflection 
in the atmosphere of lightning very remote, or not distinctly visible; but gen- 
erally this phenomenon is occasioned by the play of silent flashes of electricity 
between the clouds, the amount of electricity developed not being sufficient to 
produce any other eflfects than the mere flash of light. 

766. The usual explanation of thunder is, 

cause of thun- that it is due to a sudden displacement of the 

particles of air by the electrical current. Others 

have supposed that the passage of the electricity creates 

* When the experiment was snbseqnentlj repeated In France, streams of electric fire, 
nine and ten feet in length, and an inch ia thickness, darted spontaneously with loud re- 
ports from the end of the string confining the kite. During the succeeding year, Prof. 
Bichman of St Petersburg, in making experiments somevhat similar, and having liis 
apparatus entirely insulated, was immediately killed. 

17* 
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a vacuum, and that the air rushing in to fill it produces 
the sound. Every explanation that has yet been offered 
is somewhat unsatisfactory? 

The rolling of the thunder has been ascribed to the effect of echo, but this 
undoubtedly is not the only cause. The rolling of thunder is heard as per- 
fectly at sea as upon land, but there none of the dluses which are generally 
supposed to produce echo, as mountains, hills, buildings, etc., etc., are present 
Another, and perhaps the true reason is, that the sound is developed by the 
lightning in passing through the air, and consequently separate sounds are 
produced at every point through which the lightning passes. 

d th - Thunder-storms prevail most in the torrid zone, and decrease 
der stormB in fi-equency toward either pole. In the arctic regions thunder- 
most prevail? gtorms seldom or never occur. As respects time, they are 
most frequent in the summer months. 

What is called a thunder-storm may be considered to 
be merely an effort of nature to effect an equilibrium of 
forces which have become disturbed. 

767. A knowledge of the laws of electricity has enabled 
lightning con- man to protect himself from its destructive influences. Light- 
f T'd"ced*'*** ning-rods, or conductors, were first introduced by Dr. Frank- 
lin. He was induced to recommend their adoption as a means 
of protection to buildings, etc., from observing that electricity could be quietly 
. and gradaaUy withdrawn fit>m an excited soi&oe by means of a good con- 
ductor, whksb. was pomted at Its extremity. 

What is a -^.s Ordinarily constructed, a lightning-con- 
lighfcning.rodf ductor consists of a metal rod fixed in the 
earthy running up the whole height of a building and ris- 
ing to a point above it, 

^ ,. The best metal that can be used for a liffht- 

HoTT should », .^, , -111 

lightning-rod DiDg-rod IS coppcr ; if iron is used, the rod 
should not be less than three quarters of an 
inch in diameter. When only one rod is used, it should 
be continuous from the top to the bottom, and an entire 
metallic communication should exist throughout its whole 
length. This law is violated when the joints of the several 
parts that form the conductor are imperfect, and when the 
whole is loosely put together. 

The rod should also be of the same dimensions through- 
out. The rod is best fastened to the building by wooden 
supports. If there are masses of metal about the build- 
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ing, as gutters, pipes, etc., they should be connected with 
the rod by strips of metal, and directly, if possible, with 
the ground. The lower end of the rod, where it enters 
the ground, should be divided into two or three branches, 
and turned from the building. 

It ought Mso to extend so jEar below the surface of the ground as to reach 
water, or earth tha^ is permanently damp... It is, moreover, a good plan to 
bury the end of the lightning-rod in powdered charcoal, since this pre- 
serves in a measure the iron from rust, and facilitates the passage of the 
electricity. 

A buildmg will be most perfectly protected when the lightning-conductor 
has severakbranches, with pointed rods projecting freely in the air from dis- 
tant summits of the building, and connected with the main rod. 

Professor Faraday advises that lightning-conductors should be arranged 
upon the inside of buildings rather than upon the outside. 

What space -^ lightuing-conductor of sufficient size is 
JSd Jiotect?^' believed to protect a circle the diameter of 
which is four times the length of that part of 
the rod which rises above the building. Thus, if the rod 
rises two feet above the house, it will protect the building 
for (at least) eight feet all round. 

.^ A %htning-conductor may be productive of harm in two 

lightning-rod ways ; if the rod be broken or disconnected, the electric fluid, 
ShMmf?"^*^^* being obstructed in its passage, may enter the building; and 

if the rod be not large enough to conduct the whole current 
to the earth, the lightning will fuse the metal and enter the building. 

A lightning-conductor protects a building even when no visible discharge 
takes place, by attracting the electricity of an approaching doud, and caus- 
ing it to pass ofif silently and quietly into the earth. This process commences 
as soon as the doud has approached a position vertically over the rod. 
What laces *^^^' "^^ regards safety in a thunder-storm, it is prudent, if 
are safe and out of doQTS, to avoid trees and elevated objects of every 
ous*ln a*^n" ^^^ which the lightning would be likely to strike in its pas- 
der-storm? sagQ to the earth. A stream of water, being a good conduc- 

ductor, should be avoided. 
If within doors, the middle of a carpeted room is tolerably safe, provided 
there is no lamp hanging from the ceiling. It is prudent to avoid the neigh- 
borhood of chimneys, because lightning may enter the room by them, soot 
being a good conductor. For the same reason, a person should remove as 
fiff as possible from metals, mirrors, and gilt articles. The safest position that 
can be occupied is to lie upon a bed in the middle of a room — ^feathers and 
hair bemg excellent non-oonductors. In all cases, the position of safety is 
that in which the body can not assist as a coaductt^ to the lightxiing. The 
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positioii of smroanding bodies must therefore be attended to, wheUier a per* 
son be insulated or not 

The apprehension and solicitude respecting lightning are proportionate to 
the magnitude of the evils it produces, rather than the frequency of its occur- 
rence. The chances of an individual beiug killed by lightning are infinitely 
less than those which he encounters in his daily walks, in his occupation, <« 
even during his sleep from the destruction of the house in which he lodges by 
fire. • . 

How are the '^^^' The mechanical powcr exertcd by ligbt- 
fe^^^^l? ht ^^°g ^^ enormous and difficult to account for. 
fOT?**^"*'*^ Arago supposed that the heat of the light- 
ning in passing through any substance, in- 
stantly converted all the moisture contained in it into 
steam of a highly explosive character, and that the great 
mechanical eflfects observed are due to this agent rather 
than to the direct effect of the electric current. A tem- 
perature that can instantly render iron red hot, is known 
to be sufficient to generate steam of such an elastic force 
that it would overcome all obstacles, and if the water con- 
tained in the pores of bodies is at once converted into 
steam of this character, its force would be capable of pro- 
ducing any of the mechanical effects witnessed in lightning 
discharges. 

Another theory supposes that the natural electricities 
of non-conducting bodies are forcibly decomposed by the 
presence of the electric fluid,which forms the lightning, 
and that their violent separation forces every thing asun- 
der which tends to confine them. 

What iB the '^70. The phenomenon of the aurora borealis 
M?J?a^^reauJ? ^ supposcd to be duc to the passage of electric 
currents through the higher regions of the 
atmosphere — the different colors manifested being pro- 
. duced by the passage of the electricity through air of dif- 
ferent densities. 

Where doesthe ^^ *^® northcm hemisphere the aurora al- 
surora appear? ^^yg appcars iu the uorth, but in -the south- 
em hemisphere it appears in the south ; it seems to origin- 
ate at or near the poles of the earth, and is consequently 
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seen in its greatest perfection within the arctic and an- 
tarctic circles.* 

The aurora is not a local phenomenon, but is seen simultaneously at places 
widely remote from each other, as in Europe and America. 

The general height of the aurora is supposed to bo between one and two 
hundred miles above the surface of the earth ; but it sometimes appears 
within the region of the clouds. 

Auroras occur more frequently in the winter than in the summer, and are 
only seen at night. They affeet hi a peculiar manner the magnetic needle 
and the electric telegraph, and as the disturbances occasioned in these in- 
struments are noticed by day as well as by night, there can be no doubt of the 
occurrence of the aurora at all hours. The intense light of the sun, however, 
renders the auroral light invisible during the djyr. 

FiO. 331. 




The accompanying figure represents one of the most beautiful of the au- 
roral phenomena. 

It has often been asserted, and on good authority, that sounds have been 
heard attending the phenomena of the aurora, like the rustling of silk, or the 
sound and crackling of a fire. On this point, however, there is great differ- 
ence of opinion. 

Auroras appear to be subject to some variation in their appearance, extend- 
ing through a circle of years. Thus, from 1705 to 1752, the northern lights 
became more and more frequent, but after that for a period they were seen but 
rarely. Since 1820 they have been quite frequent and brilliant 

* In the arctic and antarctic cindes, when the sun is absent, the aurora appears with a 
magnificence unknown in other regions, and affords light suflScient for many of the ordi- 
nary out-door employments. 



CHAPTER XVI. 

GALVANISM. 

What is cw- 771. Electricity excited or produced by 
Sdf f ^^^ *^® chemical action of two or more dissimilar 
substances upon each other is termed Oal- 
vanic, or Voltaic Electricity, and the department of 
physical science which treats of this form of electrical 
disturbance is called Galvanism. 

What iimpie ^hc most Simple method ojf illustrating the 
rnS?tef*\hi production of galvanic electricity is by placing 
^^nic^°eieo^ a picce of silvcr (as a coin) on the tongue, and 
tricitj' a piece of zinc underneath. So long as the 

two metals are kept asunder no effect will be noticed, but 
when their ends are brought together, a distinct thrill will 
pass through the tongue, a metallic taste will diffuse itself, 
and, if the eyes are closed, a sensation of light will be evi- 
dent at the same moment. 

This result is owing to a chemical action which is developed the moment 
the two metals touch each other. The saliva of the tongue acts chemically 
upon, or oxydizes a portion of the zinc, which excites electricity, for no chem- 
ical action ever takes place without producing electricity. Upon bringing 
the ends of the two metals together, a slight current passes from one to the 
other. , 

If a living fish, or a frog, having a small piece of tin- foil on its back, be 
placed upon a piece of einc, spasms of the muscles will be excited whenever 
a metallic communication is made between the zinc and the tin-foiL 

When and how The productiou of electricity by the chemi- 
SeJtriSj^ ^ action of two metals when brought in con- 
covered? ^g^^j.^ ^^g gj^^ Doticed by Galvani, professor of 

anatomy at Bologna, Italy, in 1790. 

His attention was directed to the subject in the following manner: — Hav- 
ing occasion to dissect several frogs, he hung up their hind legs on some cop- 
per hooks, until he might find it necessary to use them for illustration. In 
this manner hd happened to suspend a number of the copper ho(^ on an 
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iron balconj, wheOi to bis great astonishment, the limbs were thrown into 
violent convulsions. On investigating the pbenomeDon, he found that the 
mere contact of dissimilar metals with the moist surfaces of the muscles and 
nerves, was all that was necessaiy to produce the convulsions. 

Fig. 332. 




This singular action of electricity, first noticed by Galvani, may be experi- 
mentally exhibited without difficulty. Fig. 332 represents the extremities 
of a frog, with the upper part dissected in such a way as to exhibit the nerves 
of the legs, and a portion of the spinal marrow. If we. now take two thin 
pieces of copper and zinc, Z, and place one iinder the nerves, and the other 
in contact with the muscles of the leg, we shall find that so long as the two 
pieces of metal are separated, so long will the limbs remain motionless; but 
by making'a connection, instantly the whole lower extremities will be thrown 
into vicdent convulsions, quivering and stretching themselves in a manner too 
singular to describe. If the wire is kept closely in contact, these phenomena 
are of momentary duration, but are renewed every time the contact is made 
and broken. 

Galvani attributed these movements of the muscles to a 
kind of nervous fluid pervading the animal system, similar to 
the electric fluid, which passed from the nerves to the mus- 
cles, as soon as the two were brought in communication with 
each other, by means of the metallic connection, in the same way as a dis- 
charge takes place between the external and internal coatings of a Leydcn 
jar. He therefore called the supposed fluid animal electricity. 



To irhat did 
Galvani attri- 
bute these pile* 
nomenar 
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Wh*t wM de- ^® experiments of Galvani were repeated by Volta, an 
termlred bj eminent Italian philosopher, who found that no electrical or 
Yoiu? nervous excitement took place unless a communication be- 

tween the muscles and the nerves was made by two different metals, as cop- 
per and iron, or copper and zinc. Ho considered that electricity was produced 
by simple contact of the dissimilar metals, positive electricity being evolved fiom 
the one and negative electricity from the other. 

What is the The, true cause of electrical excitement occa- ^ 
ei^triSSTdJ- sioned by the contact of dissimilar metals is 
toct'^^^'diffeJl °ow fully ascertained to be chemical ac- 
eDt metals? ^Jqjj . ^jj^j rcccnt rescarches have also proved 
that no chemical action ever takes place without the de- 
velopment of free electricity. 

The electricity produced by chemical action has been 
termed Galvanic, or Voltaic Electricity, in honor of Gal- 
vani and Volta, who first developed its phenomena. 
How docs gal- 772. Galvanic electricity, or the electricity 
from° ordfnSj devciopcd by chemical action, differs from fric- 
ciectridty? tional, or ordinary electricity, chiefly in its 
continuance of action. The electricity developed by fric- 
tion from a glass plate, or the cylinder of an electrical 
machine, exhibits itself in sudden and intermittent shocks, 
accompanied with a sort of explosion ; whereas that which 
is generated by chemical action is a steady, flowing current. 

The fundamental principle which forms the basis of the science of galvanic 
electricity is as foUoivs : 

Any two metals, or more generally, any two 
fomsthe\j£i8 different bodies which are conductors of eleo- 
It gSvllS tricity, when placed in contact, develop elec- 
^ tricity by chemical action — positive electricity 
flowing from the metal which is acted upon most power- 
fully, and negative electricity from the other. 
, In general, that metal which is acted upon 

What are elec- ., . -i i -i . • i 

tro-positive most casily is termed the electro-positive metal^ 
negative eie- or element ; and the other the electro-nega- 
tive metal, or element. 
The electrical force or power generated in this way is 
called the electro-motive force. 
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What is the 
practical meth- 
od of exciting 
galvanic elec- 
tricity? 



773. Different bodies placed in contact manifest differ- 
ent electro-motive forces, or develop different quantities 
of electricity. 

H "# bod Bodies capable of develaping electricity by contact may bo 

ieit capable of arranged in a series in such a manner that any one placed in 
tra!motiT ^^^ contact with another holding a lower place in the series, will 
forces be classi- receive the positive fluid, and the lower one the negative fluid ; 
^®*^ and the more remote they stand from each other in the order 

of the series^ the more decidedly will the electricity be developed by their 
contact 

The most common substances used for exciting galvanic electricity may be 
arranged in such a series as follows : — ^zinc, lead, tin, antimony, iron, brass, 
copper, silver, gold, platinum, black lead or graphite, and charcoal. 

Thus, zinc and lead, when brought in contact, will produce electricity, but 
it will be much less active than that produced by the union of zinc and iron, 
or the same metal and copper, and the last less active than zinc and platmum 
or zinc and charcoal. 

774. In the production of galvanic electricity for practical 
purposes, it is necessary to have a combination of three dif- 
ferent conductors, or elements, one of which must be solid 
and one fluid, while the third may be either solid or fluid. 
The process usually adopted is to place between two plates 
of different kinds of metal a liquid capable of exciting some chemical action 
on one of the plates, while it has no action, or a different action upon the 
other. A communication is then formed between the two plates. 

What is a Gal- When two mctals capable of exciting elec- 
vaniccurcuitf tricity are so arranged and connected that the 
positive and negative electricities can meet and flow in 
opposite directions, they are said to form a galvanic cir- 
cuit, or circle. 

Describea.il ^ ^^^ «^°^P^^' ^°^ ^^' ^^^' 

pie Oalvaoic at the same time an ac* 
Battery. ^j^^ galvanic circuit may 

be formed by an arrangement as repre- 
sented in Fig. 333. C and Z are thin 
plates of copper and zinc immersed in a 
glass vessel containing a very weak so- 
lution of sulphuric acid and water. 
Metallic contact can be made between 
the plates by wires, X and "W, which 
are soldered to them. If now the wires 
are connected, as at Y, a galvanic cir- 
cuit will be formed ; positive electricity 
passing from tho zinc through the liq- 
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tiid, to the copper, and from the copper along the condncting-wires to the 
zinc, as indicated by the arrows in the figure. A current of negative elec- 
tricity at the same time traverses the circuit also^ from the eopper to <iie 
Einc, in a direction precisely reversed. 
Such an anangement is called a simple galvanic battery. 

-wiiat are the The two metals forming the elements of the 
?JSuto^' battery are generally connected by copper 
wires ; the ends of these wires, or the terminak 
poinU of any other connecting medium used, are called the 
poles of the battery. 

Thus, when zinc and copper plates aro used, the end of the wire convejring 
positive electricity fix)m the copper would be the positive pole, and the end<^ 
the wire conveying negative electricity from the zinc plate would be the 
negative pole. Faraday describes the poles of the battery as the doors by 
which electricity enters into or passes out of the substance suffering decom- 
position, and in accordance with this view he has given to the positive pole 
the name of anode^ or ascending way, and to the negative pole the name of 
ccUhode, or descending way. 

At what poini The manifestations of electricity will be most 
te * decw^ty apparent at that point of the circuit where the 
SSSfeitedf *wo currents of positive and negative electricity 
meet 

_. When the two wires connecting the metal plates of a bat- 

cuit aidd to be tery are brought in contact, the ^vanic circuit is said to be 
closed ? closed. No sign of electrical excitement is then visible ; the 

action, nevertheless, continues. The opposite electricities collected at the 
poles, In particular, neutralize each other perfectly on meeting ; every trace 
of electricity must therefore vanish, as when a Leyden jar is discharged, if a 
fresh quantity were not continually produced by the pairs of plates. If the 
wires which conduct the two electricities be slightly disconneqj^ed, a spark 
will be observed at the point of interruption. 

In the formation of a galvanic circuit, by the employment 
thMu^^oAhe of two metals and a liquid, the chemical action which gives 
production of j^ ^q i]^q electricity takes place through a decomposition of 
tricity. the liquid. It Is, therefore, essential to the formation of an 

active galvanic circuit, that the, liquid employed should be ca- 
pable of being decomposed. Water is most conveniently applicable for this 
purpose. When a plate of zinc and copper aro immersed in water, the ele- 
ments of the water, oxygen and hydrogen, are separated from each other, in 
consequence of the greater attraction which the oxygen has for the zinc. The 
oxygen, therefore, unites with the zinc, and by so doing produces an alterar 
tion in the electrical condition of the metal. The zinc communicating its nat- 
ural share of electricity to the liquid, becomes negatively electrified. The 
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copper attracting the same electricity from the liquid, becomes positively 
electrified, ; at the same time the hydrogen, which is the other element of 
the water, is also attracted to the copper, and appears in minute bubbles upon 
its sur&oe. If the two metal plates be now connected with metallic wires, 
poeitiye electricity will flow from the copper and negati\[e electricity from the 
zinc, and by the union of these two an electric current will be formed.* 

With water alone and two metals, the quantity of electricity excited is very 
small, but by the addition of a small quantity of some acid, the excitement is 
"* greatly increased. 

Although two metal plates are employed in the arrangement 
necessity of two described, only one of them is active in the excitement of dec- 
wricdnjuS? ' *"^*y» **^® ^^®^ P^**® serving merely as a conductor to collect 
the force generated. A metal plate is generally used for this 
purpose, because metals conduct electricity much better than other substances 
exjwsing an equal surface to the fluids in which they are immersed ; but other 
conductors may be used, and when a proportionately larger surface is ex- 
I>osed to compensate for inferior conducting power, they answer as well, and 
in some instances better, than metal plates. Thus charcoal is very often em- 
ployed in the place of copper, and a very liard material obtained from, the in- 
terior of gas retorts, called graphite, is considered one of the best conductors. 

Two metals are not absolutely essential to the formation of a simple gal- 
vanic circuit A current may be obtained from one metal and two liquids, 
provided the liquids are such that a stronger chemical action takes place on 
one side of the metal plate than on the other. 

In some electric batteries also, two metals and two dissimilar liquids are 
employed. 

„ . 775. The electricity developed by a simple 

How may gal- . . .,, ., ii* 

j^nicactionbe galvamc circuit, whether it be composed of 
two metals and a liquid, or any other combin- 
ation, is exceedingly feeble. Its power can, however, be 
increased to any extent by a repetition of the simple com- 
binations. 

• The tervB " deetric fluid** and *• electric current,** irbich are frequently employed In 
describiog electrical i^enomena, are calculated to mislead the student into the supposi- 
tion that electricfty is known to be a fluid, and that it flows in a rapid stream along the 
wires. Such terms, it should be understood, are founded merely on an assumed analogy 
of the electric force to fluid bodies. The nature of that force is unknown, and whether its 
transmission be in the form of a current, or by ylbrations, or by any other, means, is un- 
determined. 

In a discussion which took place some years since at a meeting of the British Associa- 
tion for the Advancement of Science, respecting the nature of electricity. Professor Fara- 
day expressed his opinion as follows :— '' There was a Ume when I thought I knew some- 
thing about the matter ; but the longer I live, and the more carefully I study the subject, 
the more oonrinced I am of my total ignorance of the nature of electricity.** 

** After such an ayowal as this,** says Mr. Bakewell, " from the most eminent electrician 
of the sge, it is almost useless to say that any terms which seem to designate the form of 
electricity are merely to be considered as convenient conventional expresslDns.** 
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The first attempt to increase Fio. 334. 

the power of a galvanic circuit 

by increasing the number of 
the combinations, was made by Yolta. He 
constructed a pile of zinc and copper plates 
with a moistened cloth interposed between 
each. He commenced with a zinc plate, upon 
which he placed a copper plate of the same 
size, and on that a circular piece of cloth pre- 
Tiously soaked in water sliglitly acidulated. 
On the cloth was laid another plate of zinc, 
then copper, and again cloth, and so on in sue- 
cession, until a pile of filly series of alternate 
metal plates and moistened cloths was formed, 
the terminal plate of the series at ono end being 
copper and at the other end zinc. A metallic 
wire attached to the highest copper plate will 
constitute the positive pole, and another to the lowest zinc plate the negative 
polo of such a 8erie& 

Fig. 334 represents Tolta^s arrangement of metal plates and wet cloths, 
with the metallic wires, which constitute the poles. 

Such combiaations are denominated Voltaic Piles, or 
Voltaic Batteries, and very often Galvanic Batteries. 

As two different metals and an interposing liquid are generally employed 
for this purpose, it has been usual to call these combinations pairs or dements; 
so that the battery is said to consist of so many pairs or elements, each pair 
or element consisting of two metals and a liquid. 

776. Voltaic piles or batteries have 
been composed and constructed in 
a great variety of forms, by combin- 
ing together in a series various sub- 
stances which excite electricity when 
acted upon chemically. 

Thus, they have been constructed entirely of yog- 
etable substances, without resorting to the us3 of 
any metal, by placing discs of beet-root and walnut- 
wood in contact With such a pile, and a leaf of 
grass as a conductor, convulsions in the muscles of a 
dead ftx)g are said to have been produced. Other 
experimentalists have formed voltaic piles wholly 
of animal substances. 

A perfectly dry voltaic pile, known 

Siii'sVii^* from its inventor as Zamboni's Pile, 

may be formed of sheets of gilded 

paper and sheet zinc. If several thousands of these 



Of what sab* 
Btanoes have 
voltaic -piles 
boen eonstruct- 



Fig. 335. 
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be packed together in a glass tube, so that their similar metallic (aces shall 
all look the same way, and be pressed tightly together at each end by metallic 
plates, it will be found that one extremity of the pile is positive and the 
other negative. Such a series will last more than twenty years, but it re- 
quires as many as 10,000 pairs to afford sparks visible in daylight, and to 
charge the Leyden jar. 

I**^. 335 represents a pair of these piles, so arranged as to produce what 
has been called a perpetual motion. Two piles, P N, are placed in such a 
position that their poles are reversed, and between them a light pendulum, 
vibrating on an axis and insulated on a glass pillar. This pendulum is alter- 
nately attracted to one and then to the other, and thus rings two little bells 
connected with the positive and negative poles. 

The galvanic batteries in practical use at the present time differ consider- 
ably in form and efficiency, but the principle of construction in all is the same 
ais that of the' original volitaic pUe. 

^ _.v XV -A. very effective FiO. 336. 

Describe the "^ , , 

trough battery, arrangement known 

as the trough bat- 
tery, is represented in Fig. 336. 
This consists of a trough of wood 
divided into water-tight cells, or 
partitions, each cell being arranged 
to receive a pair of zinc and copper 
plates. The plates arc attached to 
a bar of wood, and connected wi^h 
one another by metallic wires, in 
such a way that every copper plate 
is connected with the zinc plate of 
the next cell The battery is excited by means of dilute sulphuric acid poured 
into the cells, and the current of electricity is directed by wires soldered to the 
extreme plates. When the battery is not in use the plates may bo raised from 
the trough by means of the wooden bar. 

The battery by which Sir Humphrey Davy effected his splendid chemical 
discoveries was of this form, and consisted of two thousand double plates of 
copper and zinc, each plate having a surface of thirty-two square inches. 
Now, however, by improved arrangements, we can produoo with ten or 
twenty pairs of plates, effects every way superior. 
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In other and more efficient compenmd gatvanic cinmits, the exdting liquid 
ia placed in a series of separate cups, or glasses, arranged in a drde, or in 
parallel lines. Each cap contains one zinc and one copper plate, not imme- 
diately in connection with each other, bnt ev^y zinc plate of one cup is con- 
nected with the copper plate of the preceding, hj a copper band, or wire. 
Tliis arrangement is represented in Fig. 337, the copper plate, and the direc- 
tion of the positive current being indicated by the sign -f, and the zinc plate 
anc the direction of the negative current by the sign — , 

The simplest form of galvanic battery at pres^it used is 
that nivented by Mr. Smee, and 'known as Smee's battery 
(See Fig. 338.) It consists of a {date of silver coated with 



Describe 8mee*B 
battery. 



FiO. 33a. 




Fig. 339. 



platinum, suspended between two plates of zinc, z £, the sur- 
&ces of which last have been coated with mercury, or amal- 
gamated, as it is called.* The three are attached to a wooden 
bar, which serves to support the whole in a 'tumbler, G, par* - 
tially filled with a weak solution of sulphuric acid and water. 
The wires, or poles £br directing the current of electricity are 
connected with the zinc and platinum plates by small screw- 
cups, S and A. 

Wh t is th Another form of battery, called the sulphate 

sulphate of oop- of copper battery, from the fact that a solution 
per battery ? ^j- gu[phato of copper (blue vitriol) is used as 
the exciting liquid, is represented by Fig. 339. It consists of two conoentrio 
cylinders of copper tightly soldered to a copper bottom, 
and a zinc cylinder, Z, fitting in between them. The 
zinc cylinder, when lot down into the solution, is pre- 
vented from touching the copper by means of three 
pieces of wood or ivory, shown in the figure. Two 
Bcrew-cups for holding the connecting wires are at- 
tached, one to the outer copper cylinder, and the other 
to the zinc. 

The principal imperfection of the gal- 
vanic battery is the want of uniformity 
in its action. In all the various forms 
the strength of the electric current ex- 
cited continually diminishes from the moment the battery 
action commences. In the sulphate of copper battery, especially, the power 
is reduced to almost nothing in a comparatively brief space of time. This i» 
is chiefiy owing to the circumstance that the metallic plates Soon become 
coated with the products of the chemical decomposition, the result of the 
chemical action, whereby the electricity is developed. 

This difBculty is obviated, in a great degree, by the use of a diaphragm, or 
porous partition, between the two metallic plates, which allows a free contact 

■" It is found that by coating the zinc with mercury, the waste of the zinc is greatly 
diminished. It is not well understood in what way the mercury contributes to this eflfect 
We have a parallel to it in the rubber of the electrical machine, which, when coated with 
an amalgam of zinc and tid^ acts with greater efficiency than under any other droom 
stances. 
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of the liquid on each side, within its pores, but prevents the solid products 
of decomposition from passing from one plate to the other. 
Descri^ Dan- I^aniel's constant battery, constructed according to this 
iei*s constumt principle, and represented in Fig. 340, mftint^mfl an efifectiYe 
battery. galvanic action longer 

than any other ; a is a hollow cylinder 
of copper; z, a solid rod of amalgam- 
ated zinc; and e, a porous tube of 
earthenware separating the twa 
Diluted sulphuric is placed in the 
porous tube, and a saturated solution 
of sulphate of copper in the copper 
cylinder. 

One of the most effi- 
cient batteries is that 
known as Grove's bat- 
tery, from its inventor, and u the Ibrm generally used for 
telegraphing and for other purposes in which powerful galvanic action is re- 
quired. It consists of a plain glass tumbler, in which is placed a cylinder of 
amalgamated zinc, with an opening on one side to allow a free circulation of 
the liquid Within this cylinder is placed a porous cup, or cell, of earthen- 
ware, in which is suspended a strip of platinum fastened to the end of a zinc 
arm projecting from the adjoining zinc cylinder. The porous cup containing 
the platinum is filled with strong nitric add, and the outer vessel containing 

the zinc with weak sulphuric 
FiGL 341. 



What is the 
construction of 
Grove's bat- 
tery? 
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acid. Fig. 341 represents a 
series of these cups, arranged 
to form a compound circuit, 
with their terminal poles, P 
and Z. This form of battery 
is objectionable on account 
of the corrosive character of 
the acids employed, and 
the deleterious vapors that 
arise from it when in ac- 
tion. 

What is the dis. 777. The electricity evolved by a single gal- 
^°oF^aJISi vanic circle is great in quantity, but weak in 
electricity? intensity. 

These two qualities may be compared to heat of different temperatures. A 
gallon of water at a temperature of 100^ has a greater quantity of heat than a 
pint at 200** ; but the heat of the latter is more intense than that of the former. 

What is the dis- The electricity, on the contrary, produced 

ter^'orfrittiSS by friction, or that of the . electrical machine, 

electricity? jg small iu quantity, but of high tension, or 
intensity. 
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innstrate th Frictional electricity is capable of passing for a conaderable 

differences be- distance through or over a non-conducting or insulating sub- 
clectriartea!^** Stance, which galvanic electricity can not do. Thiis, the spark 
from a prime conductor will leap toward a conducting sub- 
stance for some distance through the air, which is a n(»i-conductor; but if a 
current of galvanic electricity is resisted by the slightest insulation, or the m- 
teiposition of some non-conductiog substance, the action at once stops. Gal- 
Tanic electricity will traverse a circuit of 2,000 miles of wire, rather than make 
a short circuit by overleaping a space of resisting air not exceeding one hun- 
dredth part of an inch. Frictional electricity, on the other hand, will force a 
passage across a considerable interval, in preference to taking a long circuit 
liirough a conducting wire, or at least the greater portion of it will pass 
through the air, though some part of the charge will always traverse the wire. 

Frictional electricity produces very slight chemical or heating effects ; gal- 
vanic electricity produced very powerful effects. 

A proper and simple arrangement of a zinc plate and & little acidulated 
water, will produce as much electricity in three seconds of time as a Leyden 
jar battery charged with thirty turns of a large and powerful plate electrical 
machine in perfect action. The shock received by transmittmg this quantity 
of galvanic electricity through the animal system would be hardly perceptible, 
but received from a Leyden jar, would be highly dangerous, and perhaps 
£itaL A grain of water may be decomposed and separated into its two ele- 
ments, oxygen and hydrogen, by a very simple galvanic battery, in a very 
short time; but 800,000 such charges of a Leyden jar battery, as above re- 
ferred to, would be required to supply electricity sufficient to accomplish the 
same result Such a quantity of electricity sent forth from a Leyden jar 
would be equal to a very powerful flash of lightning. 

uponwhatdoes The quantity of electricity excited in a gal- 
?aBic"tJictrid' vanic circuit is directly proportional to the 
ty depend? amouut of chcmical action that takes place — 
as between the zinc and the acid. By increasing the 
amount of surface exposed to chemical action, we there- 
fore increase the quantity of electricity evolved. 

Hence, gigantic plates have been constructed for the purpose of obtaining 
an immense quantity. 

The intensity of the electricity evolved de- 

Uponwhatdoes " _ " 

Intensity de- peuus upou the numoeroi plates, and isgreat- 
^° est when the voltaic pile is made up of a great 

number of small plates. 

Supposing an equal amount of surface of copper and zinc employed, the 
shock, and other indications of a strong charge, would . be greater if it wer« 
cut up into many small circles, than if it formed a few large ones. But the 
actual quantity of excitement wo^ld bo greatest with the large plates. 
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How may toi- 778. When the wire from one end of a vol- 
toter^p^a^ ^fl-ic battery is connected with the wire from 
renewed? ^}^g Opposite end, voltaiq action instantly com- 
mences ; and it as instantaneously ceases when the con- 
nection is interrupted. The rapidity with which the elec- 
tric circuit may be completed and broken has no ascertained 
limit ; nor does it appear to be controlled by resistance 
caused by traversing miles of wire. 

What are the '^'^^' ^^® °^^®^ Ordinary effects produced by 
Sfe?to**o?^ the developed electricity of a large galvanic 
vanic eiectrici- battery, are the production of sparks and bril- 
liant flashes of light, the heating and fusing 
of metals, the ignition of gunpowder and other inflam- 
mable substances, and the decomposition of water, saline 
compounds, and metallic oxyds. 
.^ Heat is evolved whenever a galvanic cur- 

Whendoesgal- _ . , ,° , 

vanic eiectrici- rcut passcs ovcr a conductmg body, the amount 
ero ve ea ^^ which will depend on the quantity and in- 
tensity of the electricity transmitted, and upon the re- 
sistance which, the body offers to the passage of the cur- 
rent. 

The metals differ greatly in their condactiog power. Thus, if we link 
together pieces of copper, iron, silver, and platinum wire, and pass a galvanic ' 
current along them, they will be found to be unequally heated, the platinum 
being the most, and the copper the least. 

(^ The easiest method of showing by experiment the heating 

h^dng^^ects IpoweT of the galvanic current is to connnect the poles of a 
of gairanic battery by means of a fine platinum wire. If the wire is very 
mSratedf long it may become hot; shorten it to a certain extent, and 

it will become red-hot; shorten it still more, and it will be- 
come white-hot, and finally melt. If such a wire is carried through a small 
quantity of salt water on a watch-glass, the liquid will boU ; if through alco- 
hol, ether, or phosphorus, they will be inflamed ; if through gunpowder, it will 
be exploded. 

,^ , ,. , This power has been applied to the purpose of firing blasts, 
What practical . « ■, . i.. . , a- _.. j 

application has or mmes of gunpowder, an operation which may be enectea 

bjMti made of ^^^ oqyiBl facility under water. The process is as follows: — 
The wires from a suflBciently powerful battery are coniiectetj 
by a piece of fine platinum wire, which is placed in a mass of gunpowder con- 
tained in a cavity of a rock, or inclosed in a vessel beneath the sur&ce of 
water. The wire may be pf any length, but the mdment connection is made 

18 
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with the battery the current passes, renders the platinum red-hot, and ex- 
plodes the the powder.* 

The greatest artificial heat man has yet succeeded in pro- 
grelteS'^artifi- ducing has been through the agency of the galvanic battery. 
*^^ ^*S*» *** -^^^ ^^® metals, including platinum, which can not be fused 
by any furnace heat, are readily melted. Gold bums with a 
blueish light, silver with a bright green flame, and the combustion of the 
other metals is always accompanied with brilliant results. All the earthy 
minerals may be liquefied by being placed between the poles of a sufficiently 
large battery. Sapphire, quartz, slate, and lime, are readily melted; and 
the diamond itself fuses, boils, and becomes converted into coal. 

now are the * 780. The luminous eftects of .the galvanic 
feSi°**of the battery ar^ ^o less remarkable than its heating 
teJj*^nifMt ^ff^cts. A very small voltaic arrangement is 
"^^"^ sufficient to produce a spark of light every 

time the circuit is closed or opened. If the two ends of 
wires proceeding from the opposite poles of a battery are 
brought nearly together, a bright spark will pass from one 
to the other, and this takes place even uiider water, or in 
a vacuum. 

How may the The most Splendid artificial light known ia 
Suficiai^iight produced by fixing pieces of pointed charcoal 
be produced? ^^ ^\^q wircs counccted with opposite poles of a 
powerful galvanic battery, and bringing them within a short 
. distance of each other. The space between the points is 
occupied by an arch of flame that nearly equals in dazzling 
brightness the rays of the sun. 

This light, which is termed the electric light, diflfors from 

Sectric***light ^^ ^^^^^^ ^^^^^ ^^ artificial Kght, inasmuch as it is independent 

differ from all of ordinary combustion. The charcoal points appear to suffer 

tghi?" ^o cliange, and the light is equally strong and brilliant ma 

vacuum, and in such gases as do not contain oxygen, where 



* In the coarse of the construction of a railway recently in England, it became i 
eary to detach a large mass of rock from a cliff on the sea-coast in order to aroid the ex- 
pense of a long tunneL To have done this by the direct application of human labor and 
the ordinary operations of blasting, would hare been attended with an immense ezi>endi- 
ture of time and money. It was accordingly resolved to blow It up with gunpowder, 
i^ited by thegalraiiic battery. Nino tons of powder were accordingly deposited in cham* 
hers at from 50 to 70 feet from the face of the cliff, and fired by a conducting wire connected 
with a powerful battery, placed at 1,000 feet from the mine. The explosion detached 
600,000 tons* weight of chalk from the cliffy It was proved that this might have been 
equally effected at the distance of 8,000 feet This bold experiment saved eight months* 
labor and $50,000 expense. 
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all other artificial lights would be extinguished. It may even be produced 
under water. To excite the electricity, however, which occasions this light, 
zinc or some other mutal must be oxydized, or what is #ie 'same thing burnt, 
the same as oil in our lamps, or coal in the gas retorts for the production of 
other species of artificial light. 

The effects of the galvanic battery upon the 
physiological nervea..and muscles of the animal system are 
wc ^ectricl of the samc character as those produced by 
"^ ordinary electricity. 

On grasping the two ends of the connecting wires of a battery of some 
force with wet hands, a peculiar tremor will be felt in the joints of the arm 
and hand, accompanied by a slight contortion of the muscles, and increasing 
to a violent shock. This shock is repeated every time a contact between the 
hand and the wire is broken and renewed. The concussion of the nerves of 
the body is, therefore, produced by the entrance and exit of the currents of 
electricity ; for they evidently must pass through the body the moment it forms 
the connecting link between the two poles. 

By a particular arrangement, the circuit may be closed or interrupted at 
pleasure, and in such a manner that the current may be made to pass alter- 
nately through the wires and the body ; the latter beuig thus exposed to a 
series of shocks which are considered particularly adapted for the cure of 
diseases arising from the injury or derangement of the nervous system. It is, 
moreover, a highly valuable remedy in cases of sufifocatioD, drowning, paraly- 
sis, etc. , and numerous arrangements have been at various times proposed 
for the oonstruction of medico-galvanic machines. 

Theefiects of galvanic electricity on bodies recently deprived of life is very 
remarkable, and it was through an accidental observance of its action upon a 
dead fro^f that galvanism was discovered. By connecting the muscles and 
nerves of recently-killed animals with the poles of a battery, many of the 
movements of life may be produced. Some remarkable experiments of this 
character were made some years since upon the body of a man recently 
executed for murder at Glasgow, in Scotland. The voltaic battery em- 
ployed consisted of 210 pairs of plates, four inches square. On applymg 
one pole of the battery to the forehead and the other to the heel, the 
muscles are described to have moved with fearful activity, so that rage, 
anguish, and despair, with horrid smiles, were exhibited upon the counten- 
ance. 

f 81, Galvanic electricity is a powerful agent in effecting chemical decom* 
positions, and in its application to such purposes, it is most practically usefuL 

Can galvanic Whcu a currcut of galvanic electricity is 
fl^f^di*Li^ made to pass through a compound conducting 
decompositfon? gubstauce, its tcndcncy is to decompose and 
separate it into its constituent parts. 
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How may wa- 
ter be decom- 
posed? 



Fm. 342. 




Thus, water is composed of two gases, oxygen and hydix)- . 
gen united together. When the wires connecting the poles 
of *a ^Ivanic battery are placed in water, and a sufficiently 
strong current made to pass through them, the water is decomposed, the 
hydrogen being given out at the negative pole of the 
battery, and the oxygen at the positive pole. Fig. 
342 represents a form of apparatus by which this 
experiment can be performed in a very satis&ctory 
manner. It consists of two tubes, O and H, sup- 
ported vertically in a small reservoir of water, 
and two slips of platinum, p j?, which can be con- 
nected with the poles of a voltaic battery, passing 
in at the open end of the tubea "When communi- 
cation is ofifected between the platinum slips and a 
battery in action, gas rapidly rises in each tube and 
collects in the upper part. In that tube which is in 
connection with the positive pole of the battery oxygen accumulates, and in 
the other hydrogen. And it will be noticed that the quantity of the latter is 
equal to twice the quantity of the former gas, since water contains by volumo 
twice as much hydrogen as it does oxygen. 

The explanation of this phenomenon may be briefly given 
as follows : — ^All atoms of matter are regarded as originally 
charged with either positive or negative electricity. In tho 
case of water, hydrogen is the electro-positive element and 
oxygen the electro-negative element. It has been already 
shown that bodies in opposite electrical states are attracted by each other. 
Hence, when the poles of a galvanic battery are immersed in water, the nega- 
tive pole will attract the positive hydrogen, and the positive pole the negative 
oxygen. If the attractive force of the two electricities generated by tho bat- 
tery is greater th&n the attractive force which unites the two elements, oxyg^i 
and hydrogen, together in the water, the compound will be decomposed. Upon 
tho same principle other compound substances may be decomposed, by em- 
ploying a greater or less amount of electricity. In this way Sir Hranphrey 
Davy made the discovery that potash, soda, lime, and other bodies, were not 
simple in their nature, as had previously been supposed, but compounds of a 
metal with oxygen. 

782. Recent experiments have shown that the electricity 
which, decomposes, and that which is evolved by the decom- 
position of a certain quantity of matter, are alike. Thus, water 
is composed of oxygen and hydrogen ; now, if the electrical 
power which holds a grain of water in combination, or which, 
causes a grain of oxygen and hydrogen to unite in the right proportions 
to form water, could be collected and thrown into a voltaic current, ifc 
would be exactly the quantity required to produce the decomposition 
of a grain of water or the liberation of its elements, oxygen and hy- 
drogen. 
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What ia an "^83. For Convenience in certain experi- 
Biectrode? mcnts, the ends of the copper wires connect- 
ing the poles of the galvanic battery are frequently 
terminated with thin strips of platinum, which are called 
Electrodes. The platinum slip connected with the posi- 
tive pole forms the positive electrode, and that with the 
negative pole, the negative electrode. 

Platinum is used for the reason, that in employing the battery for effecting^ 
decompositions, it Is frequently necessary to immerse the ends of the con- 
ducting wires in corrosive liquids, and this metal gener^y is not afifccted by 
them. 

What is Eiec ''^84 Elcctro-metallurgy, or electrotyping, is 
tro^etauurgy? ^YiB art or proccss of depositing, from a metal- 
lic solution, through the agency of galvanic electricity, a 
coating or film of metal upon some other substance.* 
Upon what is ^hc proccss is based on the fact, that when 
ttve^^^ process a galvauic current is passed through a solu- 
tion of some metal, as of sulphate of copper 
(sulphuric acid and oxyde of copper), decomposition takes 
place ; the metal is separated in a metallic state, and 
attaches itself to the negative pole, or to any substance 
that may be attached to the negative pole ; while the 
oxygen or other substance before in combination with the 
metal, goes to, and is deposited on the positive pole. 

In this way a medal, a wood-engraving, or a plaster cast, if attached to th^ 
negative pole of a battery, and placed in a solution of copper opposite to the 
positive pole,. will be covered with a coating of copper; if the solution con- 
tains gold or silver instead of copper, the substance will be covered with a 
coating of gold or silver in the place of copper. 

The thickness of the deposit, providing the supply of 
the metallic solution be kept constant, will depend on the 
length of time the object is exposed to the influence of the 
battery. 

In this way, a coating of gold thinner than the thinnest gold-leaf can be 
laid on, or it may be made several inches or feet in thickness, if desired. 
The usual arrangement for conducting the electrotype process is represented 

* The general name of electro-metanurgy indndes all the various prooesses and resnlta 
which different inventors and mann&etnrers have designated as galyano-plastic, electro* 
plastic, galvano-type, electro-typing, and electro-plating and gilding. 



414 



WELLS'S NATURAL PHILOSOFHT. 



by Fig. 343. It oonsLsts of a trough of wood, or an earthen vessel, containing 
the aolntion, the decomposition of which is desired — for example, sulphate ot 
oc^yper. Two wires, one connected with the positive, and the other with the 
negative pole of a battery, Q. are extended along the top of the tron^ and 
supported on rods of dry wood, B and D. The medal, or other article to be 
coated, is attached to the negative wire, and a plate of metallic copper to the 
positive wire. When both of these are immersed in the liquid, the action 
commences — ^the sulphate of copper is decomposed — ^tiie copper being de- 
posited on the medal, and the liberated oxygen on the copper plate. As the 
withdrawal of the metal from the solution goes on, the copper plate attached 
to tiie positive pole undergoes corrosion by the sulphuric add which is liber- 
ated and attracted to it, and sulphate of copper is formed. This, dissolving in 
the liquid, maintains it at a constant strength. When the operator judges 
that the deposit on the medal is suffidentiy thick, he removes it from the 
trough, and detaches the coating. The deposit is prevented from adhering to 
the medal by rubbing its surface in the first mstance with oil, or black-lead, 
and if It is desired that any part of the sur&ce should be left uncoated, that 
portion is covered with wax, or some other non-conductor. 

FiQ. 343. 




In this way a most perfect reversed copy of the medal is obtained, — that ia, 
the elevations and depressions of the original are reversed in the copy. To 
obtain a fac-simile of the original, the electrotype cast is subjected to a repe- 
tition of the process. 

In general, it is found more convenient to mold the object to be repro- 
duced in wax, or Plaster of Paris. The surface of this cast is tiien brushed 
over with black-lead to render it a conductor, and the metal deposited directly 
upon it The deposit obtained will then exactly resemble the original ob- 
ject. 

The pages and engravings in the book before the reader are illustrations c^ 
the perfection and practical application of the electrotype process. The en- 
gravings were first cut upon wood-blocks, and then, with the ordinary type, 
fcrmed into pages. Casts of the whole in wax were next made, and an eleo- 
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trotype coating of copper deposited upon them, and from the copper plates 
BO formed the book was printed. The great advantage of this is, that the 
copper being harder than the ordinary type metal, is more durable, and re- 
sists the wear of printing from its surface for a longer period. 
Hoir has the ^^® improvement effected by electro-metallurgy in engrav- 
eieetrotj^ ing is very great. When a copper plate is engraved, and im- 

SS^i^f ^ pressions printed off from it, only the first few, called "proof 
impressions," possess the fineness of the engraver's delineation; 
The plate rapidly wears and becomes deteriorated. But by the electrotype 
process, the original plate can at once be multiplied into a great many plates 
as good as itself and an unlimited number of the finest impressions pro*- 
cured. 

In this way the map plates of the Coast Survey of the United States, some 
of which require the labor of the engraver for years, and cost thousands of 
dollars, are reproduced — ^the original plate being never printed from. 

One of the simplest illustrations of metallic deposit by electro-chemical ac- 
tion is afforded by the foHowing experiment : — Put a piece of silver in a glass 
containing a solution of sulphate of copper, and into the same glass insert a 
piece of aanc. No change will take place in either metal so long as they are kept 
apart ; but as soon as they touch, the copper will be deposited upon the sil- 
ver, and if it be allowed to remain, the part immersed will be completely 
covered with copper, which will adhere so firmly that mere rubbing alone will 
not remove it 

How does the 785. When two metals which are positive 
metSs ^^^affe^^t a^d negative in their electrical relations to 
their dnrabiuty? ^^^^j^ ^^j^^^^ ^^^ brought in contact, a galvanic 

action takes place which promotes chemical change in the 
positive metal, but opposes it in the Negative metal. 

What are inns- Thus, when sheets of zinc and copper immersed in dilute 
trations of thU acid touch each other, the zinc oxydizes or rusts more, and the 
principle ? copper less rapidly, than without contact. Iron nails, if used 

in fastening copper sheathing to vessels, rust much quicker than when in other 
eituations, not in contact with the copper. The reason is, that the contact of 
the two metals excites galvanic action, which causes the iron to rust speedily, 
but protects the copper. 

What is gal. What is called galvanized iron, is iron cov- 
vanizediron? ^^^^ entirely, or in part, with a coating of 
zinc. The galvanic action between the two oxydizes the 
zinc, but protects the iron from rust. 

Copper, when immersed in sea-water, rapidly wastes by the 
atte»npt to prb- chemical action of the oxygen dissolved in sea- water; but if 
tect the sheath- j^ be brought in contact with zinc, or some metal that is more 
^i««i corroBion ? electro-positive than itself the zinc will undergo a rapid 
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dunge^ and the copper win be preserved. Sir Humphrey DaTj attempted to 
uppij this principle to the protection <^ the copper sheathing of ships, by 
placing at intervals over the copper small strips of zinc. The e^cperiment 
was tried, and a piece of zinc as large as a pea was found adequate to pre- 
serve ibrtj or fifty square inches of copper ; and this wherever it was placed, 
whether at the top, bottom, or middle of the sheet, or imder whatever form 
it was used. The value of the application was, however, neutralized by a 
consequence which had not been foreseen. The protected copper bottom 
rapidly acquired a coating of sea-weeds and shell-fish, whose fiiction on the 
water became a serious resistance to the motion of the yessel, and it was dis- 
covered that the bitter, poisonous taste of the copper surfiice, when corroded, 
acted in preventmg the adhesion of living objects. The principle, however, 
has been applied with success to protect the iron pans used in evaporating 
sea-water. 



CHAPTER IVII. 

THERMO- EL ECTRIOITT. 

"What ii Thcr. 786. If two dissimilar metallic bars be sol- 
mo-eiectricityf j^^gj together, and heated at the point of 
junction, an electric carrent will circalate through them, 
and may be carried off by connection with any good con- 
ductor. Electricity thus generated or developed is called 
Thermo-electricity. 

Thus, if two bars, one of German silver and the other of brass, as repre- 
sented in Fig. 344 (the dark one being the brass), be heated at their junction, 
Fia 344. *^ electric current will flow in the direction of the 

arrows from the German silver to the brass. 

Difibrent degrees of temperature, also^ in the same 
metal, will occasion an electric current to flow fi^om 
the colder to the warmer portions. 

The properties of thermo-electricity 
are the same as those of ordinary electricity. 

The metals best adapted for showing its effects are 
German silver, bismuth, brass, iron, and antimony. 

„ ^ Thermo-electric batteries of considerable power may be coo- 

mo-electric bftt- structed by combining together alternate plates of German silver 
J^^V-- ***"" and brass, or bismuth and antimony, thick cards of pasteboard 
being so placed between the plates, that a contact of the 
metals is prevented, except at the ends. Such a battery, represented by Fig; 
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345, may be made to develop electridtj by hesting Fta. 34&. 

one end of the bundle, or pile of plates. 

By binding together two bars of bismuth and 
antimony, an electric current can be proved to circu- 
late with the slightest variation of temperature. 

A series of slender bars of these two metals, ar- 
ranged as a thermo-electric battery, is jfar more sen- 
sitive to heat than the most delicate thermometer; 
80 that the heat radiated from the hand brought near 
to one end of the battery is sufficient to excite an appreciable amount of'<elec- 
tiicity. 
Kg. 346 represents the construction of such a battery. It consists of thirty- 
Pj g^g six delicate bars of bismuth and antimony, 

alternately connected at their extremities 
and packed in a case, the ends of which 
are removed in the figure to show the 
bars. The area of such a battery is not 
quite one half an inch. A represents a 
conical reflector, used to concentrate rays 
of heat in experimenting. 
It has been also found that when hot water mixes with cold water, that* 
electricity is produced ; the hot liquor being positive and the cold negative. 
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What to a wit- 787. A NATURAL magnet, sometimes called 
oral magnet! ^ loadstone, is an ore of iron, known as the 
protosyd of iron, or magnetic oxyd of iron, which is ca- 
pable of attracting other pieces of iron to itself. 

Natural magnets are by no means rare ; they 

are found in many places in the United States, 

and in Arkansas, especially, an ore of iron pos- 

^^^^^^^^ i sessing remarkably strong attractive powers is 

^A^^^^^^^^^^^^/ very abundant 

jH^^^^^^^^^HBy The magnetic ore is usually of a dark color, 

my^^^PI^P^^^I V^ and possesses but little metallic luster. If a 

"* \ 1 >^^ piece of this ore be dipped in iron filings, or 

brought in contact with a number of small 

18* 



418 



WALLS'S KATUBAL PHILOSOPHT. 



Define the 
meaning of the 
tenus magnetic 
force and mag- 



needles^ they will adhere to the extremities of the magnet; as is repres^ted 
in Fig. 347. 

^^ ^ ^ When a natural magnet is bronght near to, 
commanittte or in coutact with a piece of soft iron or steel, 

lt« propertlea? . . - , ^* ,• I 

« it communicates its attractive properties, and 

renders the iron a magnet. In doing so, it loses none of 
its original attractive influence. 

What are arti- ^^^ ^^ ^^^^ ^^ ^^^^^ which hj coutact with 
fidai magnets? natuKil magucts, or by other methods, have 
acquired magnetic properties, are termed artificial magnets. 

For all practical purposes, artificial magnets are used m preference to nat- 
ural magnets, and can be made more poweifuL 

The attractive force of magnetrfhas received 
the name of Magnetic Force, and that de- 
partment of science which treats of magnets 
and their properties is denominated Mag- 
netism. 

This designation must not be confounded with Animal Magnetism, a term 
which has been adopted to designate a certain influence which one person 
may exercise over another by means of the wilL 

788. The attractive power of the magnet is 
poiesofTmag! not diffuscd uoiformly over every part of its 
"^*' surface, but resides principally at opposite 

points or extremities of its surface. These points are 
termed poles. 

Between the regions of greatest attraction, a point may 
be found where the attractive influence wholly disappears. 

When a bar magnet is rolled in iron fiUngs, the filings attach themselves 
to the magnet in the manner represented in Fig. 348, and in this way clearly 
indicate the location of the magnetic iorce. 

Fio. 348. 




In a steel magnet, the actual poles, or pouits of greatest magnetic intensity, 
are not exactly at the ends, but at a distance of about one tenth of an inch 
from each extremity. 
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In what pod- 789. When a magnet is supported in such 
^^y^ a way as to movQ freely, it will rest only in 
pendedrest? qj^q position, viz., with its polos, or extremi- 
ties directed nearly north and south. 

If drawn aside from this position, it will continufr to 
vibrate backward and forward, until it again rests in the 
same position. 

What are the "^^^ P^^®» ^^ cxtrcmity of the magnet that 
north and sooth constantly points toward the north, is called 

pmfiS of a mag* */ ir ? 

»«*' the North Pole, and the one that points to- 

ward the south, the South Pole of the magnet. 

790. That property of a magnet which will 
ISS* %SSty cause it, when suspended freely, to constantly 
or^^iSreetirB tum the samo part toward the north pole, 

and the opposite part toward the south pole 
of the earth, is termed magnetic polarity, or directive 
power. 

whenua Whcu a maguct, being free to move, places 

netnddtotraZ itsclf after deflcctiou in a nearly north and 

south line, it is said to traverse. 

The attractiye force of the loadstone, or tiatural magnet, can not be consid- 
ered as of anj great amount. Native magnets, in their rode state, will sel- 
dom lift their own weight, and, with some rare ezoeptions, their power is 
limited to a few pounds. 

What ^ the *^^^' When two bodies possessing magnetic 
general uv of propcrtics are brought near, or in contact with 
tractions and cach othor, the like poles will repel, and the 

lepulsiout? -.- ., . , , ^ 

unlike attract each other. 
Thus, the north or the south poles of two magnets re- 
pel each other ; but the north pole of the one will attract 
the south pole of the other. 

792. Magnetism may be excited most read- 
in vhat suh- . . ° J ^ 1 T X 1 xi. i.- 

■tancea may ily m irou and stecL In steel the magnetic 

magnetism be*'.,.,, . ". 

mosteasuyex- property, whcu luduced, remams permanent; 
but soft iron loses its power as soon as it is re- 
moved from the influence of the exciting magnet. Brass^ 
nickel, and cobalt may also be rendered magnetic. 
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Beoent investigations have shown that the influenoe of magnetism, whidi 
was once supposed to be whoUj restricted to iron and its oomponnds, is al- 
most as pervading and wide-eztendbd as that of electricity. The emerald, 
the mbj, and other precious stones, the oxygen of the air, glass, chalk, bone, 
wood, and many other substances, are more or less susceptible to magnetic 
influence. This influence, however, is perceptible only by the nicest tests, 
and under peculiar drcnmstances. 

. . Artificial magnets of iron or steel may be of any required 

are arttfldal form, or of almost any dimensiona For general purposes, 
JJJ«J^ y "»" they are limited to straight bars. 

When a piece of iron not magnetic is brought in contact 
with a common magnet, it will be attracted by either 
pole ; but the most powerful attraction takes place when 
both poles can be applied to the surfiice of the piece of 
iron at once. The magnetic bars are for this purpose 
bent somewhat into the shape of the letter TJ, and are 
termed horse-shoe magnets. 

Several of these are frequently joined together with 
their similar poles in contact ; they then constitute a 
compound magnet, and are veiy powerful, either fibr 
lifting weights or charging oilier magnets. 
Por the purpose of distinguishing between the two 
poles of an artificial magnet, the end of the bar which is designated as the 
north pole is generally marked with a + or with the letter N. 

If ve break an ^^ ^® bicak a magnet across the middle, 
Mt!*^t"?oI ®*^^ fragment becomes converted into a per- 
*""' feet magnet ; the part which originally had a 

north pole acquires a soath pole at the fractured end, and 
the part which originally had a south pole, gets a north pole. 

Thus, if the bar N S, Fig. 350, be 
broken in the center, each of the fractured 
ends will exhibit a polar state, as perfect 
as the entire magnet; the fractional end 9 j^ 
becoming a south and n a north pole, al- 
iliough at this middle point, where n and 
a join, no magnetism could, b^ore the breaking, have been detected. 

If we divide up a magnet to the extreme degree of mechanical fineness 
' possible, each particle, however small, will be a perfect magnet 

The properties of a magnet are not at all affected by 
the presence or absence of air ; but its influence is as 
great in a vacuum as in any other situation. 

Heat weakens the power of a magnet, and a white heat 
destroys it entirely. 



Fig. 350. 
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Where does the 793. The magnetic power of an iron or steel 
ST^dy*^ magnet appears to reside wholly upon the sur- 
^de? face, and to circulate about it. 

S*"^ ?e'^^ To render a bar of steel magnetic, the north 
magnetic r ^qIq q£ ^ maguct is placed on the center of a 
bar of steel and repeatedly drawn orer it toward one ex- 
tremity ; the other half is subjected to a similar treat- 
ment with the south pole of the magnet ; the bar is thus 
rendered magnetic, and only loses this property when 
strongly heated. 

A bar of soft iron becomes magn^ic by sim- 
iron magnet- plc coutact with a maguct, but the effect, as 

before stated, is not permanent. 
May Iron be It is uot nccessarv that absolute contact 

rendered mag« *' 

neuc by indue- - should take placc between a bar of soft iron 
and a magnet, in order to render the iron 
magnetic ; but whenever a magnet is brought near to a 
piece of iron in any shape, the latter is rendered magnetic 
by the influence of the former. To this phenomenon the 
name of induction has been given, and the distance through 
which this effect can take place is called the magnetic at- 
mosphere. • 

J, gg- Thiifl, let a bar of soft iron, B, as in Fig. 351, be 

' TLi ' brooght near to a magnet, M, whose poles, north and 

'-^* 1 south, are indicated by N and S. hj induction, the 



* ' bar will be rendered magnetic, the end of the bar to- 



ward the north pole of the magnet constituting its 
south pole, and the other end the north pole. 

In all cases, where either pole of a magnet is brought 
near to, or in contact with bodies capable of acquiring 
magnetism, the part which is nearest to the pole of 
the magnet acquires a polarity opposite^ while the re< 
mote extremity becomes a pole of the same kind ; hence the attraction of a 
magnet for iron, is simply the attraction of one pole of a magnet for the oppo- 
site pole of another. 

How may the ^® general effect of magnetization by induction may be 
phenomena of clearly exhibited by bringing a powerful magnet near to a 
SiS?on be ex- P^^ce of soft iron, as a large key, when it will be found that 
hibltedt the large key will support several smaller ones; but as soon 

as the body inducing the magnetic action is removed, they all drop o£ 
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Can the earth Magnetism may be also induced in a bar of 
lodiMe magnet- Jron by the action of the earth. 

Most iron bars and rails, as the vertical bars 
of windows, that have stood for a considerable time in a 
perpendicular position, will be found to be magnetic. 

If we suspend a bar of soft iroa suffldentlj long in the lur, it 
SS^nT ™"rf ^"^ graduaUy become magnetic ; and although when it is first 



I Ip- suspended it points indifferently in any direction, it will at 
^S^f ^ ^' point north and south. 

If a bar of iron, such as a kitchen poker, which has been 
found to be devoid of magnetism, is placed with one .end on the ground, 
slightly inclined toward the north, and then struck one smart blow with a 
hammer upon the upper end it will acquire polarity, and exhibit the attractive 
and repellent properties of a magnet 

Boea nugnetio Magnetic attraction can be made to exert 
tUSd^'^urroiS it8 influence through glass, paper, and solid 
other bodiea? ^j^^ liquid substauccs generally which are not 
capable of acquiring magnetic influence in the ordinary 
manner. 

If a horee-shoe magnet be placed under- 
PiO. 362. neath a sheet of paper which has iron 

filings sprinkled over its sur&ce, the fil- 
ings, upon the approadi of the magnet^ 
«nll arrange themselves in great regularity 
in lines diverging fix>m the poles of tho 
magnet, in curves, and extending fix>m 
the one pole to the other, as is repre- 
sented in Fig. 352. The numerous frag- 
ments of iron, being rendered magnets by 
induction, have their unlike poles fironting 
each other, and they therefore attract one 

another, and adhere in the direction of their polarities, forming what are termed 

magnetic curves. 
If a plate of iron is caused to intervene between the magnet and the under 

8ur&ce of the paper, the magnetic influence is almost entirely cut off. 

Do artificial 794. Magncts, if left to themselves, gradn- 
SeS"**JroJSJ ^Uy? and in a space of time varying with the 
***"' hardness of the metal composing them, lose 

their magnetic properties, from the recombination of their 
separate fluids. 

This is prevented by keeping their poles united by 
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What ifl tax nieans of a. soft iron bar called an Armature, 
Armaturef represented at A, Fig. 349. 
This becoming magnetic by induction, reacts upon the 
magnetism in the poles of the magnetic bar, and tends to 
increase rather than diminish their intensity. 
What is the The lifting or sustaining power of magnets 
SdlTm^to! varies very materially. The most powerful 
that we are acquainted with are capable of 
sustaining twenty-six times their own weight. 
Hoir does the The law of magnetic attraction and repul- 
nettJaSLSton ^iou is the samc as that of gravitation ; that 
Md^^repuiBion jg^ thcsc forccs iucreasc in the same proportion 
as the square of the distance from the center 
of attraction or repulsion diminishes. 

A Tdi . to ' ^^^" "^^^ varioua phenomena of magnetism have been ac- 
whattheoiyare comited for by supposing that all bodies susceptible of magnet- 
Smena** ^ao^ ^°* ^^ pervaded by a subtle imponderable fluid, which is com- 
connted for? pound in its nature, and consists of two elements, one called 
the austral, or southern magnetism, and the other the boreal, 
or northern magnetism. Each of these, like positive and negative electrici* 
ties, repel their own kind, and attract the opposite kind. 

When a body pervaded by the compound fluid is in its natural state and 
not magnetic, the two fluids are in combination and neutralize each other. 
When a body is magnetic, tlie fluid which pervades it is decomposed, the austral 
fluid being directed to one extremity of the body, and the boreal to the other. 

Iron and steel are easily rendered magnetic, because the fluids which per- 
vade them can be easily decomposed by the action of other magnets. In 
iron, the separation of the two kinds of magnetism may be easily, but only 
transitorily eflfected. The magnet, therefore, attracts it powerfully, convert- 
ing it^ however, into only a temporary magnet In steel, the two kinds of 
magnetism are not so easily separated ; hence the latter is but slightly at- 
tracted by the most powerful magnets. When once efiected, however, the 
separation is permanent, and the' steel becomes a perfect magnet 

As, according to this theory, the act of rendering a body magnetic consists 
simply in decomposing a fluid pervading it, we can easily understand how, 
by means of one artificial magnet, an infinite number of other magnets may 
be made, without the former losing any of its magnetic properties. 

y^^ ^ . 796. The Magnetic Needle (Fig. 353) is 

Magnetic Nee- gimpiy a |jar of stccl, which is a magnet, bal- 
anced upon a pivot in such a way that it can 
turn freely in a horizontal direction. 
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Fio. 353. Sach a needle, when properly balanced, will be 

observed to yibiate-more or less, until it settles In 
such a direction that one of its eztremitiefl^ or 
poles, points tpward the north, and the other to- 
ward the south. If the position of the needle bo 
altered or reyersed, it will always turn and vibrate 
again until its poles have attained the same direo- 
tion as before. 

It is this remarkable property of a magnetized 
steel bar, of always assuming a definite direction, 

that renders the compass of such value to the mariner, the engineer, and the 

traveler. 

The ordinary compass consists of a mag- 
netic needle, or bar balanced upon a pivot, and 
inclosed ivithin a shallow box, or metallic case. Upon 
the bottom of the box is a circular card with the chief, or 
cardinal points of the horizon, north, south, east, west, 
marked upon it. 

Fig. 354 represents the form and construotion of the ordinaxy, or land com- 
pass. The term compass is derived fh>m the card, which compassea, or m- 
volve8f as It were^ the whole plane of the horizon. 

Fxa. 354. 



What is 
CompaM? 




In the Sea^ or Mariner^s Compass, the needle is attached to 

the under side of the card, in such a way that botii traverse 

together — ^the needle itself being out of sight Upon the 

surface of the card is engraved a radiating diagram, dividing 

the whole circle of the horizon into thirty-two parts, called 

points. The compass-box is supported by means of two concentric hoops, 

called gmbdb. ^ese are so placed as to cross each other, and support the 

box immediately in the center of the two ; so that whichever way the Toese} 



What is the 
constmctton of 
the Sea, or 
Mariner*! Com' 
pass? 
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may roll or lurch, the card is al- 
ways in a horizontal position, 
and is certain to point the true 
direction of the head of the ship. 
Fig. 355 represents the construc- 
tion and mounting of the Sea 



FiCk 355. 




What tea Dip. 797. If a 

ping Needle f gimple bOT 

of nnmagnetized steel, 
or an ordinary needle 
be suspended from a 
center, instead of being balanced upon a pivot* beneath 
it it will bang horizontally, and manifest no inclination 
to dip from a horizontal line, either 
on one side or the other of the cen- 
ter of suspension. But if the bar, 

or needle, be made a magnet, it 

will no longer lie in a horizontal 

direction, but one pole will incline 

downward and the other upward ; 

the inclination in this latitude to 

the horizon being about 70*^. 
Such arrangement is called a 

Dipping Needle. 
Fig. 356. represents the constraction and 

appearance of the dipping needle. 

p,e.t.e™«- 798. Altteugh tbe 

'^Sta^ duenOTth magnetic needle is said 

ftnd south. to point north and south, accurate observations 

have shown that it does not point exactly north and south 

except in a few restricted positions upon the earth's surface. 

What \B the 799. The direction assumed by a horizontal 

gagaeUcmerid- ^^^^^^ .^ ^^^ ^.^^^ ^j^^^ ^^^^ ^j^^ ^^^^-j^,^ 

surface, is called the magnetic meridian. 

A terrestrial meridian, it will be remembered, is a great cir- 
JSrtta me^I de, supposed to be drawn around the earth, passing through 
i«n' both poles, and any given place upon its surface, and inter- 

secting the equator at right angles. (See § 68, Fig. 6, page 36.) The direction 
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of a needle which would point due north and south at any place^ wxU be 
the tnie^ or terrestrial meridian of that place. 

whu u the The deviation of the needle from the true 
dSr^t?o?*5 ^orth and south, or the angle formed by the 
the needier magnetic meridian and the terrestrial merid- 
ian^ is called the variation, or declination of the needle, 
wiut are the There are two lines upon the earth's sur- 
unee of Tmru- face, along which the needle does not vary, bufc 
points to the true north and south. These 
lines are called the eastern and western lines of no varia- 
tion, and are exceedingly irregular and changeable. 

Thdr position is as follows: — ^The western line of no variation begins in 
latitude 60^, to the west of Hudson's Bay, passes in a south direction through 
the American lakes, to the West Indies and the extreme eastern point of 
South America^ The eastern line of no yaiiation begins on the north in the 
White Sea, makes a great semidrcular sweep easterly, until it reaches the 
latitude of 71^ ; it then passes along the Sea of Japan, and goes westward 
across China and Hindoostan to Bombay ; it then bends east» touches Australia^ 
and goes sooth. 

In proceeding in either direction, east or west from the lines of no varia- 
tion, the declination of the needle gradually increases, and becomes a max- 
imum at a oertam intermediate point between them. On the west of the 
eastern line the declination is west; on the east it is east 

At Boston, in the United States, the declination of the needle is about 5^^^ 
west ; in England it is about 24° west; in Greenland, 60© west; at St Peters- 
burg, 6** west 

H Is til di. ^^^' "^^ *^® directive property of the magnetic needle is 
rectire power observed everywhere in all parts of the world, on all seas, on 
•ccountedTfor^ the loftiest summits of mountains, and m the deepest mines, 
it is evident that there must be a magnetic force which acts 
at an points of the earth's surface, since magnetic needles can no more take 
up a direction of themselves than a body can acquire motion of itsel£ To 
explain these phenomena, the earth itself is considered to be a great magnet^ 
and the points toward which the magnetic needle constantly turns are called 
the magnetic poles of the earth. These poles, by reason of their attractive 
influence, give to the needle its directive power. 

-_. ^^ The two poles of the creat terrestrial magnet which are 

Where are the . ,.,... « , . , - ^, ° ,, 

magnetic poles Situated m the vicmity of the poles of the earth's axis, are 

situated ? termed respectively the magnetic north pole and the magnetic 

south pole. These contrary poles attract each other, and thus a nu^^nctic 

needle will turn its south pole to the north, and its north pole to the soutli. 

Hence, what we generally csil the nortli pole of a needle is in reality its 

south pole, and its south pole is its north pole. 

The exact position of the northern magnetic pole is about 19^ from the north 
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pole of the earth, in the direction of Hudson's Bay. It was yisited by Sir J. 
Boss in 1832, in his voyage of Arctic discovery. The south magnetic pole is 
situated in the antarctic continent, and has been approached within 170 mUea 

If a oompan ^^^^^ ordinaij compass be carried to either 
riedSthliS;: ^f ^^^ magnetic poles, it wiU lose its power 
SlS'oSS5?r^** ?^^ P^/^* mdifferently in any direction. If it 
is carried beyond the magnetic pole, to any 
point between it and the true pole, the poles of the needle 
become reversed, the end called the north pole pointing to 
the south, and the south to the north. 

Hoir does the ^'^^ position assumed by the dipping needle varies in dif- 
poeition of ^e ferent latitudes. If it were carried directly to the north mag^ 
^PP ng needle j^q^q ^^e, its south pole would be attracted downward, and 
the needle would stand perfectly upright At the south mag- 
netic pole, its position would be exactly reversed.* If the dipping needle be 
taken to the equator of the earth, or to a point midway between the north 
and south magnetic poles, it will be attracted equally by both, and will re- 

main perfectly horizontal, or cease to dip at 
all : as we go north or south, however, it dips 
more and more, until at the magnetic poles, 
as before stated, it becomes perpendicidar— 
the end which was uppermost at the north 
being the lowest at the south.f 
u Pig. 357 represents the position assumed 
3i by the magnetic needle in various latitudes. 
The magnetic poles of the earth are not 
stationary, but change their position grad- 
ually during long intervals of time. 

Observations on the temperature of the 
earth have afiforded some reason for believ- 

* Like the declination and dip, the intensitj of the earth*B magnetism varies 
▼eiy much in different parts of the earth ; at the magnetic equator being the roost feeble, 
and gradually increasing as we approach the poles. Thcintensity of terrestrial magnetism 
in different places may be measured by the number of vibrations made by a magnetic 
needle in a ^ven time. 

t As the directive tendency of the horizontal needle arises from its poles being attracted 
by those of the earth, it is evident from the rotundity of the earth, that its poles will not 
be attracted by those of the earth horizontally, but downward, so that the needle can not 
tend to be horizontal, except when it is acted upon by both poles equally— that is, when 
midway between them. . When nearer the north magnetic pole than the south, its north 
end must be attracted downward, and the contrary when it is nearest the south pole. 
Accordingly, a needle which was accurately balanced on its support before being mag- 
netized, will no longer balance itself when magnetized, but in this country its north pole 
win appear to dip, or appear t6 be the heavier end. This circumstance has to be corrected 
in ships* compasses by a small sliding weight attached to the southern half, which weight 
has to be removed on approaching the equator, and shifted to the other slde'of the needle 
vhen in the northern hemisphere. 
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ing, that the points upon the earth's sor&ce where the greatest degree of cold 
is experienced, or where the yearly mean of the thermometer is lowest, 
coincides with the location of the magnetic poles. 

What to the 801. Beside the variation froin the true 
ttoa™'lif'^tiK north and south, the magnetic needle is sub- 
needie? j^^.^ ^o a diumal variation. This movement, 

or variation, commences about seven in the morning, when 
the north end of the needle begins to deviate toward the 
west ; it reaches its maximum deviation about two o'clock 
in the afternoon, vihen it begins to return slowly to its 
original position. 

The magnetic needle is subject also to an annual movement, and a moTe- 
ment different in the winter months from that noticed in the summer months. 

What is the The daily, monthly, and yearly variations 
Sf S?JSriSSSi ^^ *^® needle are supposed to be occasioned by 
Si^SSSii? *"' variations in the temperature of the earth's 
surface, depending upon the changes in thQ 
position and action of the sun. 

Observations made for a great number of years seem to show that the en- 
tire magnetic condition of the earth is subject to a periodical change, but 
neither the cause or the laws of this change are as yet understood. 

For most practical operations, as in navigation and sur- 
veying, the deviation of the magnetic needle from the true 
north and south, is carefully taken into account, and a rule 
of corrections applied. A knowledge of the amount of vari- 
ation, east or west, for different localities upon the earth's 
surface, may be obtained from tables accurately arranged 
for this purpose. 

The variation of the magnetic needle from the true north and south, is said 
to have been first noticed by Columbus in his first voyage of discovery. It 
was also observed by his sailors, who were alarmed at the feet, and urged it 
as a reason why he should turn back. 

When vas the The compass is claimed to have been dis- 
Sw*? ^ covered by the Chinese: it was, however, 
known in Europe, and used in the Mediterra- 
nean, in the thirteenth century. The compasses of that 
time were merely pieces of loadstone jftxed to a cork, which 
floated on the surface of water. 

802. The resemblance between magnetism and electricity is very striking, 
and there are good reasons for believing that both are but modifications of 
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one force. Both are supposed to consist of two fluids, which repel their own 
kind, and attract the opposite. The fluid in both cases is supposed to reside 
upon the surface of bodies; the laws of induction in both are the same; and 
each can be made to excite or develop the other. 



CHAPTER XIX. 



What effect is 
prodnced when 
a magnetic nee- 
dle is brought 
near a conduct- 
ing wire? 



ELECTRO -MAG NET ISM. 

-What is Eiec- 803. Magnetism developed through the 
tro-magnetismf agODicy of electricol OF chemical action, is 
termed Electro-magnetism. 

Among the earliest phenomena observed which indicated a connection be- 
tween magnetism and electricity, it was noticed that ships' compasses have 
their directive power impaired by lightning, and that sewing needles are ren- 
dered magnetic by electric discharges passed through them. 

In 1820, a discovery was made by Professor Oersted of 
Denmark, which established beyond a doubt the connection 
of electricity and magnetism. He ascertained that a mag- 
netic needle brought near to a wire, through which an electric 
current was circulating, was compelled to change its natural 
direction, and that the new direction it assumed was determined by its position in 
relation to the wire and to the direction of the current transmitted along the wire. 
Further experiments developed the following law: — 

In what direc- Electrfc cuTrents exert a magnetic influence 

mrr^n^^eH ^t light auglcs with the direction of their flow, 

theirinfluence? ^^^ whcu thcj act upou a magnetic needle 

Pig. 358. they tend to cause the needle 

A to assume a position at right 

angles to the direction of the 

current. 

Thus, suppose an electric current to 
pass on the wire A B, Fig. 358, in the 
direction of the arrow ; suppose a mag- 
netic needle, N S, to be placed directly 
under the vgre and parallel to it. By 
the action of the electric current flowing 
in the direction A B, the needle is caused 
to move from its north and south posi- 
tion and turn round, and if the current 
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Fig. 359. 



18 fsuffidently strong, it will place itself at right angles with the wire^ as is 
represented in the figure. 

If the current, however, had passed in the same direction below the needle, 
instead of above it as in the first instance, the deflection ot the needle would 
have taken place as before, but in an opposite direction, the pole S standing 
where the pole N did previously, aud N also in the place of S. 

In like manner, if the needle be placed by the side of the wire, a like effect 
will be produced; on one side it dips down, and on the other it rises up; and 
in whatever other position the needle may be 
placed, it will always tend to set itself at right 
^= ^ V angles to the current If the wire be bent in 

II K^«= I "^^ ]| *he form of a rectangle, as is represented in Fig. 
359, so as to carry the current around the 
needle, above and below it in opposite direc- 
tions, the opposite currents, instead of neu- 
tralizing, will assist each other, and the needle 
will move in accordance with the first dh-ection of the current 

If the wire, instead of making a single turn, is bent many times around the 
needle, the magnetic force excited by the current of electricity traversing the 
wire, will be greatly increased, the increase being, withm certain limits, pro- 
portional to the number of turns of the wire. 

It is upon this principle that an instrument called the Gal- 
Galvanometer, vanometer, for measuring the quantity of an electric current, 
is constructed. It consists of a rectangular coil of copper 




FlO. 360. 
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wire, N B S, Fig. 360, containing about 20 
convolutions, the separate coils being insulat- 
ed by winding the wire with silk thread. A 
magnetic needle, supported on a pivot, is 
placed in the center of the coil, and a gradu- 
ated circle is fixed below it to measure the 

amount of the deflection ; the two ends of the wire connect with two cups, 

and Z, which contain mercury, and into which the poles of the battery 

transmitting the current dip. 

In this form of the instrument 

tatfc Needle ? *^® transmitted current is obliged 

to contend with the influence of 

the earth's magnetism, which tends to hold the 

needle in its original position, and unless the 

former is more powerful than the latter, the 

needle is not moved. This difficulty has been 

overcome by means of an arrangement called 

the Astatic Needle. This qyisists essentially of 

two needles ^tenod together, one above the 

other, but with their poles in opposite direc- 
tions, as is represented in Fig. 3G1. In this 

way the influence of the earth is almost entirely 

emovtd, and the force of the transmitted current is rendered more effective. 
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In vhat Hum- 
ner does an 
electric current ^| 

exert its mag. eially ', 



Pig. 362. 



By means of the galyanometer, the most feeble traces of electricity can be 
detected ; and electric currents which would fail to influence the most sensi- 
tive gold leaf electrometer can be made to affect perceptibly the magnelio 
needle. Galyanometers are sometimes called electro-multipliers. 

804. Electricity, unlike all other motive 
forces in nature, exerts its magnetic force lat- 
all other forces exerted between two 
ne c orce points act in the direction of a straight line 
connecting their points, but the electric current exerts its 
magnetic influence at right angles to the direction of its 
course. 

When a magnetic polo-is influenced by an electric cur- 
rent, it does not move either directly toward or directly 
from the conducting wire, but it tends to revolve about it. 

By the application of these facts, it has been discovered that rotatory move* 
ments can be produced by magnets around conducting wires^ and conversely, 
that conducting wires can be made to rotate around magnets. 

The rotation of the pole of a magnet around a fixed conducting 
wire may be shown by a pieco of apparatus represented by Fig. 
362. A small magnet, N, is fixed to the lower part of a vessel, 
V, by means of a silk thread j the vessel is filled with mercury 
nearly to the top of the magnet; G is a conducting wire dipping into 
the mercury, and Z is another conductor communicating with the 
mercury at the bottom of the vessel Now, when the electric 
^ current is established, by connecting the extremities of the wires 
and Z with the (^posite poles of the battery, the pole N of the 
magnet revolves round the conducting wire 0. If the current is 
descending, that is, if C be connected with the positive pole of 
the battery, and if N bo a north polo, its motion round the wire will be di- 
rect, that is, in the direction oi the hands of a watch; and 
so on, vice versa, 

A different arrangement, by which a movable wire tra- 
versed by a current, may be made to revolve around the 
pole of a fixed magnet, is represented by Fig. 363. A wire, 
A B, is suspended from the wire C by a loop, |ind dips into 
the mercury in a vessel, V ; when the circuit is established, 
by connecting and N with the respective poles of the 
battery, the conducting wire revolves around the pole K 
of the magnet 

If the current be descending, and N be the north pole of 
the magnet, the rotation will be direct 

On similar principles, various kinds of reciprocating and rotatory movements 
may be produced. * 
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What U aa 
£leetro-mag- 
nefef 

What ia « 
Helixf 



Fig. 364. 



In what man. 805. If a pleco of soft iion, entirely wanting 
SMtri^^mlS in magnetism, be placed within a coil of wire 
dte°**1Sii3l through which an electric current is circulat. 
*™' ing, it will be rendered intensely magnetic, so 

long as the current continues ; but the moment the cur- 
rent ceases, the iron loses its magnetism. 

Magnets formed in this way, through the 
agency of electricity, are called Electro-mag- 
nets, and are more powerful than any others. 
The coil, or spiral line of wire used for excit- 
ing magnetism in the iron by conducting a 
current of electricity about it, is called a Helix. 

Fio. 364. ^* ^ usuafly made of copper wire, coated with 

some non-oondactiDg substance, such as silk wouud 
round it The coils of the wire are generally re- 
peated one over the other, until the size of the helix 
is sufficient, ance the magnetic action of an electrio 
current upon a bar of iron increases to a certahi ex- 
tent with the number of revolutions it performs about 
it Fig. 364 represents the appearance of a helix. 

It is necessary for the induction of magnetism in iron 
bars by electricity, that the current should flow at right 
angles to the axis of the bars. 

What deter- If ^^^ bar bc steel, the magnetism thus in- 
Sf °M*deStJS! duced will be permanent ; and the direction in 
magnet? which the currcut moves round the helix de- 

termines which of its extremities shall constitute its north^ 
and which its south pole. 

When the current circulates in the direction of the hands 
of a watch, the north pcde of the bar will be at the farthest 
end of the helix. 

• If a bar of soft iron, bent in the form of a horse shoe mag- 
net, be wound with insulated wire, as is represented in Pig. 
365, and a current of electricity transmitted through it, it 
becomes a most powerful magnet 

Electro-magnets of this character have been formed capa- 
ble of supporting more than a ton weight The magnetic 
power thus developed is wholly dependent upon the ex- 
iatencd of the current, and th3 moment 1t ceases the weights 
fall away by the action of gravity. 
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Has electro- 
magnetic force 
been applied 
to any prac- 
tical purpose 
for propelling 
machinery? 



If two semidrcular rings of soft iron be passed within a 
helical ring, as is represented in Fig. 366, they will become so 
strongly magnetic on passing the current of even a small 
battery, as to be separated with extreme difficulty. A rod 
of iron brought near to one of the extremities of a longitudinal 
helix, is not only attracted but lifted up into the center of the 
coil, where it remains suspended without contact or yisible 
support, so long as the current continues in action. If the 
battery and helix be of sufficient size, a considerable weight 
may be suspended. In some experiments at the Smithsonian 
Institution at Washington, a few years since, a bar of iron 
wolgbing 80 pounds was raised and 'suspended in the air with* 
out being in contact with any body. 

806. Many attempts liave been made to 
take advantage of the enormous force gener- 
ated and destroyed, in an instant, by making 
or breaking an electric current, for propelling 
machinery, but thus far all efforts have, failed 
to produce any practical results. 

One of the reasons why this power can not be used to advantage is, that 
Hie rate at which the power diminishes as we recede from the contact point 
of the magnets, prevents our obtaining the full force of the magnets. Thus, 
a magnet whose force in contact would be sufficient to raise 250 pounds, 
would exert a force of onl^90 pounds at the distance of l-250th of an inch, 
and of only 40 pounds at the distance of l-50th of an inch. It is also found 
that notwithstanding the loss of power with distance, a still greater loss takes 
place with motion. The moment any magnetic body is moved in front of 
cither a permanent or an electro-magnet, it loses power, and this loss increases 
very rapidly with the increase of velocity. This obstacle stopped the prog- 
ress of the very extensive researches of Professor Jacobi, after he had ex- 
pended upward of $120,000 granted him for his experiments by the liber- 
ality, of the Russian government. 

807. The construction of the Morse mag- 
netic telegraph depends upon the princij)le, 
that a current of electricity circulating about 
a bar of soft iron temporarily renders it a 
magnet. 

The construction and method of operating the Morse telegraph may bo 
clearly understood by reference to Fig. 36*7. F and E are pieces of soft iron 
surrounded by coils of wire, which are connected at a and & with wires pro- 
ceeding from a galvanic battery. When a current is transmitted from a bat- 
tery located one, two, or three hundred miles distant, as the case may be, it 



Upon what 
does the con- 
Btnictionofthe 
Morse tele- 
graph depend? 
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passes akmg the wires, and through the ooils* surroimding the pieces of soft 
iron, F and E, thereby converting them into magnets. Above these pieces 
of soft iron is a metallic bar, or lever, A, supported in its center, and having 
at one end the arm, D, and at the other a small steel point, o, A ribbon of 
paper, p h, rolled on the cylinder, B, is drawn slowly and steadily ofif by a 
train of clock-work. El, moved by the action of the weight, P, on the cord, 0. 
This clock-work gives motion to two metal rollers, G and H, between which 
the ribbon of paper passes, and which, turning m opposite directions, draw 
the paper from the cylinder B. The roller H has a groove around its circum- 
ference (not represented in the engraving), above which the paper passes. 
The steel pomt o of the lever A is also directly opposite this groove. The 
qiring; r, prevents the point from resting upon the paper when the telegraph 
is not in operation. 

Fig. 36"?. 




The manner in which intelligence is communicated by these arrangements 
is as follows : The pieces of soft iron, F and E, being rendered magnetic by 
ihe passage of a current of electricity transmitted from the battery through the 
coils of wire surrounding them, attract the metal arm D of the lever A. Tho 
end of the lever at D being depressed, the steel point o at the other extremity 
is elevated and caused to press against the paper ribbon and indent it When 
the current from the battery is broken or interrupted, the pieces of soft iron 
F and E being no longer magnetic, cease to attract the arm D. The lever 
A is therefore drawn back to its former position by the action of the spring r, 
and the steel point o ceases to indent the paper. By letting the current flow 

* These coils consist of very fine copper vire, some thousands of feet being gener- 
ally contained in them. In this way a magnet of small size and great power may h9 
obtained. 
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round the magnet for a longer or shorter time a dot. or a line ]a made, and 
the telegraphic alphabet consists of a series of such marks.* 

Groye's battery (see Fig. 340) is generaUy used for working the telegraph, 
about thirty cups being required for a distance of 160 miles. These cups 
may be kept in one compact space, but operate the telegraph more success- 
fully when distributed along the Une. Such batteries will work for about two 
weeks without replenishing. 

Formerly two wires were required in telegraphing; one 
wires are neo- conveyed the current from the battery to the electro-magnet, 
^"orflne £e ** * distance, through which it passed, and then returned by 
telegraph? another wire back to the battery. At present but one wire is 

generally used. It was found that the earth itself might be 
made to perform the function of ihe returning wire. To effect this all that is 
necessary is that one short wire from the battery at one end of a line, and 
fix)m the electro-magnet at the other end, should be sunk into the moist 
„ ^ ^ earth, and there connected with a 

mass of conductmg metal, from 
which the electricity passes to 
complete the closed circuit 

For interrupting the 
current and regulating 
the system of dots and 
lines, an instrument call- 
ed the Signal-key, or, 
Break-piece, Fig. 868, 
is employed. This is 
placed near the battery, so as to be in the galvanic cir- 
cuit. The operator, by pressing down the knob with the 
finger, closes the circuit and allows the current to pass, but 
when the pressure is removed communication is interrupted 

^ The following table exhibits the signs employed to represent letters in the Morse 
system of telegraphing: 




ALPHABET. 
a 

e — - 
d 

/ 

ill 



0- - 

p 

q 

r- -- 

8 

t 

t* 

V 

V) 



z — 



NUMERAIiS. 



Experienced operators are often able to understand the message merely from the sounds, 
or dicks, of the lever. 
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What i» the 808. In what is known as the " Bain," or 
a^heZSl chemical telegraph, there is no magnet created, 
telegraph? ^J^^ g^ small stcel ¥are, connected with the 
wire from the line, presses upon a roll of paper, moved 
by clock-work. This paper, before being coiled on the 
roller, has been dipped in a nearly colorless chemical solu- 
tion, which becomes colored when an electric current passes 
through it. By sending a current through the wire rest- 
ing on the paper, we can stain it, as it were, in dots and 
lines in the same manner as t^e last instrument em- 
bossed it in dots and lines. 

What la th ^^^' '^^^ House's, or printing telegraph, 
prirting tele- diflfcrs from the others principally in an ar- 
^"^ rangement whereby the message as transmitted 

is printed in ordinary letters, at the rate of two or three 
hundred a minute. 

What was the 810. The mcthod first proposed for com- 
m'Sh*Sd*^pro- Hiunicating intelligence by elecfricity was by 
posed? deflecting a compass needle by causing a cur- 

rent to pass along its length. 

Thus, if at a given point we place a galvanic battery, and at a hundred 
miles from it there is fixed a compass needle, between a wire brought from, 
and another returning to the battery, the needle will remain true to its polar 
direction so long as the wires are free from the excited battery ; but the mo- 
ment connection is made, the needle is thrown at right angles to the direc- 
tfon of the current The motion of the needle may thus be made to convey 
intelligence. 

It is necessary, in convejring the wires from point to point, to support them 
on the poles by^glass or earthen cylinders, in order to insure insulation, 
otherwise the electricity would pass down a damp pole to the earth, and be 
lost 

811. The idea that many persons have, that some substance 
cipie or influ' passcs along the telegraphic wires when intelligence is trans- 
ence pass along mitted, is wholly erroneous; the word current, as something 
a message is flowing, expresses a false idea, but we have no other term to 
communicated? express electrical progression. We may, however, gain some 
idea of what really takes place, and of the nature of the influence transmitted, 
by remembering that the earth and all substances are reservoirs of electridty; 
and if we disturb this electricity at any given point, as at Washington, its pulsa- 
tions may be folt at New York. Suppose the telegraphic wire a tube extend- 
ing from Washington to New York perfectly filled with water; now, if one 
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drop more is forced into the tube at "Washington, a drop must fall out at 
New York, but no drop is caused to pass from Washington to New York. 
Something like this occurs in the transmission of electricity. 

Can electricity ^^'^' Electricity, through an electro-mag- 
be made to nctic arrano;ement, can be made available for 

measure time? , *-* '_ . , , . 

the measurement of time, and by its agency a 
great number of clocks can be kept in a state of uniform 
correctness. 

The plan by which this is accomplished is substantially as follows: — ^A bat- 
tery being connected with a principal clock, which is itself connected by 
means of wires with any number of clocks arranged at a distance from each 
other, has the current regularly and continually broken by the beating of the 
pendulum. This interruption is also experienced by all the clocks included 
in the circuit; and in accordance with this breaking aud makmg of contact, 
the indicators or hands of the clock move over the dial at a constantly uniform 
rate. 

813. The fundamental law of action in frictional electricity 
action o? dwJ "*» *^^* bodies charged with like electricities at rest repel, and 
trical ciferents with unlike, attract each other. With electricity in motion 
o^ff? ^^ ^3 <^^^^ ^ somewhat different, since currents of the same 
. electricity moving in the same direction attract each other. 
The general law of this action may be stated as follows : 

What is the ^^ elcctric currcuts flow in wires parallel to 
^^MtiJST ^ ^^^^ other, and have freedom of motion, the 
wires are immediately disturbed. If the cur- 
rents are moving in the same direction, the wires attract 
each other; if they are moving in opposite direction!, 
they repel each other : or, like currents attract, and un- 
like repel. 

Howmayahe- 814. Whcu the wircs connecting the positive 
edintoT^gl and negative poles of a galvanio battery in ac- 
netic needle? ^[^^ ^re coilcd in the form of a helix, the helix 
becomes possessed of magnetic properties. If such a 
helix be suspended in a horizontal plane, it points, as a 
magnetic needle would, north and south ; if it is sus- 
pended so as to move in a vertical plane, it acts as a dip- 
ping needle. 

If two helices carrying currents are presented to each other, they attract 
and repel, precisely as if they were magnets, according as like or unlike poles 
are brought together. And, in short, all the properties of the magnetic needle 
may be unitated by a helix carrying a current. 
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.^^^ , . 816. From these, and other like phenomenay M". Ampere 

pere'a theorr haa propounded a theory which accounts for nearly all the 
of nwgnetism? phenomena of terrestrial magnetism. 

He supposes that all magnetic phenomena are the result of the circulation 
of electrical currents. Every molecule of a magnet is considered to be sur* 
rounded with an atmosphere of electricity, which is constantly circulating 
around it, the difference between a magnet and a mere bar of iron being, that 
the electricity which exists equally in the iron, is at rest, whereas in the mag- 
net it is in motion. The direction of these currents circulating in a magnet 
is dependent upon the position in which the magnet is held. If the opposite 
or unlike poles of two magnets be placed end to end, the electric currents oi 
each will be found running the same way, and as currents moving in the same 
direction attract eadi other, the two poles will tend to oome together. On 
the contrary, if the ends of like pedes be presented, the course of the currents 
trayersing each will be in opposite directions^ and a repulsion will result 

A magnetic needle tends to arrange itself 
at right angles with a wire transmitting an 
electric current, in order to bring the numer- 
ous currents circulating around its particles 
parallel with that of the wire. 

The magnetism of the earth is also explMned by this theory 
on the same principles. If we take a metal ring and warm 
it at one point only by a spirit-lamp, no electrical eflfect en- 
sues ; but if the lamp is moved an electric current runs round 
the ring in the direction the lamp has taken. In a like man- 
ner, currents of electricity are known to be excited and kept in motion around 
the earth, by the sun, which heats in turn successive portions of its surface. 
They flow round it from east to west in a direction at right angles with a line 
Joining the magnetic poles. A magnetic needle, therefore, points north and 
south, because that position is the one in which the electric currents in it are 



Why does a 
magnetic nee- 
dle tend to ar- 
range itself at 
right angles to 
a current? 



How is the 
magnetism of 
the earth ex- 
plained by this 
theory? 



Fia. 369. 




parallel to those of the earth, and 
this is the position,- as has just 
been explained, that electric cuz^ 
rents tend always to assume. 

Fig. 369 represents an artificial 
globe, surrounded by a coil of in- 
suia-ted wire, surmounted by a 
magnetic needle. The needle will 
always poifit to the north pole of 
the globe, on tKuismitting the b.^t- 
tery current 

The dip of the needle may be 
also readily accounted for in the 
same manner. At the polar re- 
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Fia. 3*70. 



gions it dips yeriically down in order that its carrents may be parallel with 
those of the earth ; for in those regions the sun performs his daUy motion in 
circles parallel to the horizon. At the equator, the course of the sun is 
nearly at right angles to the horizon, and the needle maintains a horizontal 
position. 

What is Mag- 816. As au electric current passing round 
neto-eiectricity? ^^^ exfcerfor of a bai of soft iron induces mag- 
netism in it; so on the contrary, a magnetized bar is able 
to generate an electric current in a conducting wire sur- 
rounding it. 

Electricity thus produced by the agency of a magnet is 
called Magneto-electricity. . 

This may be shown by introducing one of the 
poles of a powerful bar magnet within a helix of 
fine insulated wire (see Fig. 370), the ends of 
which are connected with a delicate galyan* 
ometer. The deflection of the needle will indi- 
cate the flow of an electric current every time the 
magnet enters or leaves the coil — ^the direction 
of the current changing with the poles entered. 
The same results will be obtained, if instead 
of introducing and removing a permanent steel 
magnet, we continually change the polarity of a 
gofl; iron bar. Thus, in Pig. 371, let a & be a bar 
of soft iron surrounding a helix, and N E S a 
horse-shoe magnet so arranged that it can revolve 
freely on a pivot at c, the poles in their revolution just passmg by the termina- 
tions of the bar a &. On causing the magnet to re- 
volve, the polarity of the bar a 6 will be reversed 
with every half revolution the magnet makes, and 
this reversal of polarity will generate electric cur- 
rents in the wire. 

To instruments constructed on 
these principles the name of mag- 
neto-electric machines is given, 
canoneeiec 817. Whenever an 

duSe'SL*?' electric current flows 

througha wire it excites another current in an 
opposite direction, in a second wire held near to and 
parallel with it. Its duration, however, is only momentary. 
On stopping the primary. current, induction again takes 
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place in the secondary wire ; but the current now arising 
has the same direction as the primary one. 

The passage of an electrical current, therefore, develops other currents in 
its neighborhood, which flow in the opposite direction as the primary one 
first acts, but in the same direction as it ceases. Whenever a magnet^ also^ 
is moved in the neighborhood of a conducting wire, these currents are also 
induced. 

TVhftt i« tb ^^^' ^*^g'*®to^^®c*"<5 machines, arranged for developing 

general con- electricity by the reaction of a magnet, are constructed in a 
■tructifl^ of great variety of forms. In some, permanent steel magnets are 
trie machines? used; in others, temporary soft iron ones, brought into ac- 
tivity by a galvanic current A common form of magneto- 
electric machine is represented in Fig. 372. 

Fig. 312. ^* consists of a compound horse- 

shoe magnet, S, Fig. 372, bolted 
to a mahogany stand, arranged in 
such a manner that an eleetro- 
magnet, or armature, A B, mount- 
ed on an axis, revolves in fix>nt of 
its poles, by turning a multiplying 
wheel, W. This electro-magnet, 
or armature, consists c^ two cores 
of soft iron wound about with fine 
insulated copper wire. The ends 
of the wire in these coils are kept 
pressed, by means of spriogs, 
against a good conducting metal plate, which in turn is connected by wires 
with the screw-caps at the end of the base board. When the iron cores, or 
axes of the coils are in front of the poles of the magnet, they become mag- 
netic by inductioa This sets in motion the natural electricity of the ooil, or 
helices, which flows in a certain direction, and is conveyed through the 
springs and wires to the screw-caps. 

If the armature be turned half round, the magnetism of the iron is reversed, 
and a second current is excited in the opposite direction. 
What eff cts ^^ turning the armature very rapidly, a constant current 
may be pro- passes through the wires, and by connecting a small piece of 
actton olei^ platinum wire in the circuit, it is rapidly rendered red hot. 
tro-magnetic By conveying connecting wires from the magneto-electric 
mac nes machine into acidulated water, its decomposition is effected; 

and many chemical compounds may in like manner be resolved into their 
ultimate constituents: machines also of this character maybe used for electro- 
plating. 

The effects of electricity thus generated on the human system are peculiar. 
If the two handles connected with the screw-caps of the machine are grasped 
by the hands, slightly moistened, and the armature is made to TQYoLve rap- 
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Idlj, the muscles are doeed so firmly, that the handles can not be dropped, 
and most powerful convulsiTe shocks are sent through the arms and body. 

•What isadia. 819. It hos been demonstrated by Professor 
magneticbodyf PaKulay that bodics, not in themselves mag- 
netiC; mdLjy when placed under certain physical conditions^ 
be repelled by sufficiently powerful electro-magnets. Such 
substances have been termed diamagnetic^ and the phe- 
nomena developed have received the general name of dia- 
magnetism. 

Bodies that are magnetic are attracted by the poles of 
a magnet ; bodies that are diamagnetic are repelled by 
the poles of a magnet. Magnetism may be regarded as 
an attractive force, diamagnetism as a repelling one. 

Thus, if a bar of iron is suspended free to moye in ^j^ 31^3^ 

any direction, between the poles^ N S^ of a magnet, 
Fig. 373, the bar will arrange itself along a line 
which will unite the two poles ; it places itself in the 
axial line, or along the line of force. Such is the con- 
dition of a magnetic body. If a substance of the diamagnetic class is placed 
in the same situation — as, for example, a bar of bis- 
FiG^74. muth— between the poles, N S, Fig. 374, it places it- 

^^ I ^ self across, or at right angles to the axial line, or the 

^^ I ^B Ime of force. 

^^ I ^^ Eveiy substance in nature is in one or the other of 
" these conditions. "It is a curious sight," says Dr. 

Faraday, " to see a piece of wood, or of beefj or an apple, or a bottle of water 
repelled by a magnet ; or taking the leaf of a tree, and hanging it up between 
the poles, to observe it taking an equatorial position." 
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AjBEiaunoK, spherical, what la, 829 
Abutment, what ia an, 120 
Acoustics, 188 

Aooustie figures, what are, 189 
Actinism, what is, 348, 844 
Action and Reaction, 66 

iUnstratlons of, 66 
laws o^ 66 
Action, Toltaic, how interrupted and re- 
newed, 409 
Adhesion defined, 29 
what is, 26 
Aeriform bodies, how exert pressure, 174 
Aerolites, constitution of, 289 

what are, 288 
Affinity defined, 25 
Aim, philosophy of taking, 296 
Air, compressibility of, 164 

capacity of, for moisture, 268 

constituents of, 163 

density of, 165 

elasticity of, 166 

fresh, how much required for a healthy 

man, 261 
heated, why rises, 261 
how heated, 218 
■ in spring, why chilly, 246 
In water, 180 
inertU of, 164 
momentum of, 187 

illustrations of, 187 
not necessary for the production of 

sound, 191 
weight of, 168 
when rarefied, 166 
wlien said to be saturated, 268 
why unwholesome after having been 

respired, 260 
pump, construction of, 176, 177 
Alphabet, telegraphic, 436 
Anemometer, 282 
Ang^e, defined, 71 

of incidence and reflection, 71 
Animals foretell changes in weather, 292 
Annealing described, 27 
Aqueducts, construction of, 184 
Arch, base of, 120 

springing of, 120 
strength of, 120 
what is an, 120 

why stronger than a horizontal struct- 
ure, 120 



Archimedes, experiment with the crown, 44 

screw of, 1C9 
Architrave, 121 
Architecture, 119 

orders in, 120 

origin of different styles of; 
119 
Armature of a magnet, 423 
Artillery, effective distance of^ 77 
ArtesUn wells, 135 
Astatic needle, wliat is an, 430 
Atmosphere, composition of, 163 

effect of, on diffusion of light* 

302 
how heated, 226 
pressure of, 168 
supposed height o^ 173 
what is, 163 
Atmospheric electricity, 391 

pressure, effects of, 174, 175 
how sustained, 179 
refraction, 314 
Atom, what is an, 13 

Attraction at insensible distances illustrat- 
ed, 22 
cohesive, 25 

how varies, 25 
illustration of simple, 18 
molecular, four kinds of, 24 
mutual, illustrations of, 30 
wliat is, 17 
Aurora borealis, cause of, 896 

no influence on the weather, 291 
Auroras, not local, 397 

peculiarities of, 397 
Avoirdupois weight, 34 
Axis of a body, what is an, 82 
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Balusters, 121 

Balance, ordinary, described, 97 

torsion, 882 

when indicates false weights, 98 
Ballast, use of, in vessels, 139 
Balls, cannon, velocity of, 76 
Balloons, varieties of, 186 

what are, 186 
Balloon, why arises, 43 
Barker* s mUl, 157 
Barometer, how invented, 169^.171 
how constructed, 171 
aneroid, 172 
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r, water, ITS 
▼hecl,m 
how indieatet wwther ebaogeB, 

173 

hownaad ftgm cM M n ringhd^ts, 

173 

Batteries, thermo-^leetrie, 417 

Battery, DanieU'a, 407 

galTaoic, 401 

GroTe*a galvanic, eoDStmctloii of, 
406 
imperfectioiis of, 407 
laminooB effects of, 410 
8mee*8 galvanic, 406 
Bolpbate of copper, 406 
trough, described, 406 
Beam, rectangolar, strength of, 116 

bent in the middle, why liable to 

brea]c,119 
or bar, when the strongest, 116 
BeDowa, hydrostatic, 1-29 
Bells, electrical, 3S6 
Belts, motion oommonieated by, 101 
BiUiards, principles of the game of, 72 
Blanket, ntiUty of the nap of, 219 
Blower, use of, 262 

Boats, life, how prevented from sinking, 147 
Bodies, form o^ how dependent on heat, 228 
form of, how changed by centrifu- 
gal force, 83 
falling, bkws of, 56 

force and velocity depend on 
what,M 
lighter than water, specific gravity, 

how determioed, ^ 
non-laminooB, when rendered visi- 
ble, 301 
when heavy and light, 33 
when transparent, 294 
when Inminous, 294 
when appear white, 801 
when solid, liquid, or gaseons, 24 
when float in air, 186 
Body, what is a, 11 

when called hot, 206 

size of, how affects its strength, 115 

when stands most firmly, 50 

when rolls, and when slides down a 

slope, 51 
where wiH have no weight, 33 
Boiling-point, depends on what, 241 

innaence of atmospheric pres- 
sure on, 242 
Boiler-fine, 253 

BoQers, tfteam, how oonstracted, 256 
essentials of, 257 
locomotive, how constructed, 258 
Bones of men and animals, whv cylindri- 
cal, 118 
Boxes of a pump, 181 
Breath, why visible in winter, 274 
Breathing, mechanical operation of, 181 
Breezes, land and sea, 284 
Bridge, Britannia tubular, 118, 119 
Brittleness, what is, 27 
Bubble, soap, why rises in the air, 43 
Bucketo of wheels, 156 
Building, strength of a, on what depends, 119 
Buildings, how wanned and ventilated, 260 
Buoyancy, what is, 138 
Burning-gUsBes, 209 



Calorie, what Is, 206 
Camera obscura, 347 

portable, 960 
Canals, how constructed, 137 

locks in, 137 
Cannon bursting by firing, 28 

varieties of, 77 
Capillary Attraction, £5, 14S 

iUustrated, 143 
Capstan, eonstructton of, 100 
Car axles, why liable to break, 28 
Carriage, higti, liable to be overturned, 60 
Cask, tight, liquids wiU not flow firom, 179 
Catoptrics, 312 
CeUars, cool in summer, warm in winter, 

why, 220 
Center of gravity in irregular bodies how 
found, 43 
when at rest, 46 
in what three ways sup- 
ported, 47 
Centripetal Force, 79 
Champagne, why sparkles, 181 
Charcoal marks, why stick to a wall, 26 

why black, 301 
Chemistry, definition of; 9 
Children, why difficult to learn to walk, 62 
Chimney, draught of; 262 

how constructed, 262 
how quickois ascent of hot air, 
262 
Chimneys, when smoke, 262 
Chord in music, 196 
Chain-pump, construction of, 160 
Climate, what is, 267 
Circuit, galvanic, 401 
Clock, common, described, 68 
water, principle of, 151 
Clocks, why go faster in winter than in sum- 
mer, 60 
Clothing, when warm and when eool, 220 
Clouds, average height o^ 274 
cirrus, 275 
cumulus, 276 
how differ from fog, 873 
how formed, 274 
nimbus, 277 
stratus, 277 
variety of, 276 
what are, 273 

why appear red at sunset, 83T 
why fioat in the atmosphere, 874 
Coals, mechanical force of, 251 
Coal, equivalent to active power of man, 851 
Cogs on wheels, 101 
CohesioTi defined, 25 
Cold, greatest artificial, 211 
natural, 211 
what Is, 206 
Color and music, analogy between, S38 
Color, no effect on radiation of heat, 223 

origin of, 826 
Colors, complementary, 331 

dark, absorb any heat, 225 

how affect their relative appJiearanee, 

332 
of natural oliJecte on what depoid, 

330 
simple, what are, 389 
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Colamn, height ot, how meMored, Itl 

what is », 121 ' 
Compass, nutriner's, 424 
ordinary, 424 
when discovered, 42<l 
Compressibility, what is, 16 
Concord in made, 196 
Condensation, what is, 239 
Conduction of heat, 216 
Convection of heat, 216 
Cordage, strength of, on what depends, 118 
Cork, why floats upon water, 43 
Cornea, what is the, 34» 
Coulomb's torsion balance, 383 
Countries destitute of rain, 279 
Coughing, sound of, how produced, 904 
Cranes, what are, 10& 
Crank defined, 110 
Cream, why rises upon milk, 147 
Crying, what is, 206 
Cupping, operation and principle of, 175 
Currents, electric, how exert their inflnenoe, 

429 . 

Cylinders, strength of, 118 



Dagoerreotypes, how formed, 345 

Dead point explained, 112 

Declination of needle, 426 

Density, what is, 15 

Derrick, what is a, 105 

Dew, drcumstances that inflnenoe the pro- 
duction of, 271 
does not fall, 271 

phenomena and production of, 270 
when deposited most freely, 271 

Dew-drop, why globular, 80 

Dew-point, 270 

not constant, 270 

Diamagnetic phenomena, 441 

Diamagnetism, 441 

Dioptics, 318 

Direction, line of, 49 

Discord in music, 196 

Distillation, 242 

DivisibiUty, 13 

DovetaiUng, what is, 117, 118 

Drainage, principles of, 162 

Draught of ehimnev, 262 

Dresses, black, opncal effect of^ 883 

Drops, prescription of medicine by, unsafe^ 
29 

Ductmty, what is, 26 

Dust, how we firee our clothes of by agita- 
tion, 20 

Dynamometer described, 89 



Ear, construction of, 201, 202 

Earth, bodies upon, why not msh together. 



3 of present form of, 83 
centripetal force at equator of, 83 
how nroved to be in motion, 84 
the pnysical features of, how afliect 

winds, 282 
the reservoir of deetridty, 876 



Earth, telegrmphie eommimlaatloD throvgfa. 

Earth's attraction, law of, 89 

EbulUtion, what is, 941 

Echo, conditions for the prodaetloii oL 198 

what is, 197 
Echoes, when multiplied, 198 

where most frequent, 198 
Egg-shell, application of the principle of the 

arch in, 120 
Elastic bodies, results of collision oil 68 
Elasticity defined, 89 
Eel, electrical, 391 
Electrie attraction, 370 

currents, how exert their inflnenee, 
429 ^ 

fluid non •luminous, 887 
light, 410 
repulsion, 870 
shock, 383 

spark, duration of, 888 
Electrical battery, 884 
induction, 877 
machines, 87^ 
Electricity a source of heat, 219 
atmospheric, 891 
conductors and non-eonductorf 

of, 273 
Du Fay's theory of, 271 
FrankUn's theory of, 271 
effect of on a conductor, 386 
enoiments of Franklin with, 

Arictional, distinctive character 

of, 407 
galvanic, how excited, 401 • 

how differs from ordi- 
nary, 300 
how discovered, 898 
quantity of, what is, 

408 
theory of, 402 
intensity of, what is, 

what is, 398 

how evolves beat, 409 

how exdted, 869 

how exerts a magnetic force, 431 

influence on the fom^ of bodies, 
876 

kinds of, 870 

magneto, 437, 488 

of vital action, 391 

positive and negative, 273 

quantity necessary for decompo- 
sition, 412 

real character of unknown, 4j06 

secondary currents, 487 

thermo, what is, 416 

velocity of^ how determined, 889 

what is, 369 

where resides in bodies, 375 
Electro-magnetism, 429 

magnets, how formed, 439 
what are, 432 
Electrometer, 381 
Electro-metallurgy, 413 
Electrophorus, 380 
Electroscope, 381 
Electrotyping, 413 
Electrodes, what are, 413 
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,11 
number tit, 11 
EkratfofBi, hotr determined bj tiw boOing 

potnt of water, 24S 
Smbukments, irhr made etf o ug er at the 
bottom than at the top, 182 



,whatla,14tf 
igfw»«^, Are, oonstmctlon fd, 18S 

■team, 251-254 
EngimTing, how aflbeted bj eleotro-metal- 

lnrKT,416 
EntoSaWre, dMelone of; m 

what is, 181 
Eqnilibiinm indifferent, 48 

law of, in all maeidnee, 98 
atoble, 48 
unstable, 43 
whatiB,4« 
EqnfaMcttal eterm, 291 
ETaporation, 288 

drcomataneee infloendog, 839 
tnflnenee of temperature on, 
849 
Xzoamoie, what is, 146 
EsqMoeiMlitf, wha* la, 19 

UlnstrationB of, 19 
Ezpaofllon by heat, 828 

how meanired, 83S 
Eje,847 

how Jadgea of aice and dlfltasee, 364 
how moved, 348 
optic axia of, 863 
•tmetore of in man, 948 



Facade of a boilding, 181 

Far-sightedness, cause of, 868 

Feather attracts the earth, 89 

Itbrous substances non-eondncton of heat, 

219 
Filtration defined, 19 
Fire, what is, 809 

Fishiss, Btmctore of the body oi; 154 
Flame, what is, 809 
FlezibOitf, what is, 96 
Flies, how walk upon ceilings, 1T6 
Floating bodies, laws of, 188 
Fluid, elei^o, 403 
Fluids, what are, 84 
Fly-wheel, use of, 17 
FoouB, what is a, 888 
Form of bodies dependent «n heat, 828 
Fordng-pump, oonatraction of, 188 
Fbroe defined, 81 

accumulation of, 87 
intemal, 22 
magnetic, 418 
molecular, 22 
real nature of, 21 
Forces, great, of nature, 81 
electro-motive, 401 
Fountains, omamentiJ, prindple of con- 
struction of, 186 
Friction, 118 

advantages of, 113 
how diminished, 118 
kinds of, 118 
roUing, 112 
sliding, 113 



FrleHon, heat produced by, ^4 

Freesfaig mixtures, compoidtion of; 845 

Frieze in architecture, 121 

Frost, origin of, 878 

Fuel, what is, 865 

Fnlcmm defined, 93 

Furs, why used for clothing, 819 

Fumaoas, hot-air, 864 

how eonstrueted, 965 



Galvanism, 898 

Gatvanitt action, how Inereased, 409 
batteiy, 401 

heating effects of. 406 
phvsiclogical effects oi; 

Galvanometer, 499 

Gamut, the, 196 

Gas, how differs from a liquid, 89 

what Is, 83 
Gases, how expand by heat, 838 

specific gravity, how determined, 41 
Gaseous bodies, properties of; 83 
Gasometers, oonstroetion of, 179 
Gears, in wheel work, 101 
Glass, opera, 865 
Glasses, sun, 809 
Glottis, what Is the, 8<» 
Glue, why adhesive, 26 • 

Grain weight, origin of, 34 

bearing plants, constmction of the 
stems of, 118 
Gravitation, attraction of, how varies, 80 
defined, 80 
terrestrial, 88 
Gravity, action of, on a fiUling body, 66 
center of, 45 
specific, 37 
Green wood, unprofitable to bum, 866 
Grindstones, how broken by centrifugal 

force, 80 
Guage, barometer, 859 
steam, 259 
rain, 277 
Gun, essential properties of, 76 
Gunpowder, effective limit of the foree of; 
77 
force of 76 
Gure^ of a bottie explained, 180 



HaO, what is, 280 

storms, where most frequent, 881 

stones, formation of, 881 
Halos, what are, 836 
Hardness, what is, 26 
Hearing, conditions for distinctness in, 800 

range of human, 808 
Heat, 205 

how diffiises itself, 206 

how measured, 206 

distinguishing characteitetio o(; 806 

nature of, 207 

theory of, 207, 208 

and l^ht, relations between, 808 

devoid of weight, 809 
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Heat, Bonreea of, 209 

inflaenee extends how &r Into the 

earth, 811 

of chemical action, 213 

greatest artificial, 218 

derived from mecfaanioal action, 818 

latent, 813 

sensible, 213 

of vital action, 814 

of friction, 814 

Gondnctors and non-oondnctors of, 816 

radiation of, 816 

commnnication of, 816 

conducting power of hodiea, how di- 
minished, 218 

good radiators of; 222 

how propagated, 888 

velocity of, 828 

how reflected, 824 

rays of, what is meant by, 224 

absorption of, 226 

expansion by, 228 

bow transmitted through different 
substances, 226 

effeots of, 227 

solar, compound nature of, 227 

force of expansion of, 229 

expansion of^ practical illustrations 
of, 829 

latent, when rendered sensible, 246 

capacity for, 247 

quantity of, difPerent In all bodies, 847 

specific, 247 
Helix, constrnction of, 432 
Horse power defined, 88 
Houses, haunted, explanation of, 200 
Humidity, absolute and relative, 268 
Hurricane, what is a, 286 
Hurricanes, where most frequent, 285 
space traversed by, 286 
velocity of, 886 
Hydraulics, 148 

Hydraulio engines, cause of theloss of power 
in, 158, 169 
ram, construction of^ 161, 162 
Hydrometer, what is a, 141 

uses of, 141 
Hydrostatics, 123 

Hydrostatic press, construction of, 126, 127 
Hydro-extractor, 80 
Hygrometer, how constructed, 269 



lee, origin of babbles in, 888 

heat in, 806 
Images, when distorted in mirrors, 803 
Impenetrability, 12 

illustrations of, 13 
Incidence, angle of, 71 
Inclined plane described, 105 

advantage gained by, 106 
Induction, magnetic, 421 
Inelastic bodies, results of collision of; 69 
Inertia, what is, 16 

examples of, 17 
Inkstand, pneumatic 179 
Insects, how produce sound, 206 
Insulation, 374 
Intensity in electricity, what is, 406 



Iron, galvaniced, what is, 416 
how made hot, 206 
how rendered magnetic by induction, 

ships, principle of flotation of; 140 
soft, how magnetised, 421 
why stronger than wood, 29 



Kaleidoscope, constrnction of, 807 
Key-note, what is, 801 



Lakes, salt, origin of, 124 
Lamp-wick, how raises oil, 145 
Lantern, magic, what is, 867 
Larynx, description of, 203 
Laughing, what is, 205 
Law, physical, definition of a, 10 
Lens, achromatic, 828 
axis of, 321 
defined, 319 
focal distance of^ 821 
Lenses, varieties of, 319 
Level, spirit, construction of, 137 

what is a, 63 
Lever, law of equilibrium of the, 94 
Levers, arms of, 93 

compound, 96 

disadvantages of, 97 
kinds of, 93 
what are, 93 
Leydenjar, 882 
Light, absorption of, 800 
analysis of, 326 
chief sources of, 294 
corpuscular theory of, 293 
divergence of rays of, 896 
electric, 410 
good reflectors of, 301 
how analysed, 326 
how propagated, 896 
how refracted by the atmomhere, 

314 
intensity of; how varies, 897 
interference of, 839 
moves in straight lines, 896 
polarized, 341 
polarisation of, 848 
ray of, what is, 295 
ref^raction of, 812 
same quantity not reflected at all 

angles, 305 
three principles contained in, 844 
undulatory theory of, 898 
velocity of, 298 

how calculated, 299 
vibrations of, 339 
waves of, 389 
what is, 292 

when totally reflected, 816 
white, composition of, 326 
Lightning, identity of with electricity, 892 
mechanical effects of, 396 
rods, how constmcted, 894 
BpBLce protected by, 895 
when dangerous, 895 
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Line, Tertlal, 63 
ligodiictfoB. wbirt ta,837 
U«iild at rert, eoQditton of fhe ■orfiwe of a, 
188 
u u B Miue of* ooliiiim of^ 188 
what tea, 83 
Ilqaldi, boiling point how changed, 849 
flowii^ mm a raaenroir, 119 
hare no nartlenlar fonn, 23 
heat conducting pover of, 817 
how cooled, tin 

more npon eadi other without fric- 
tion, m 
nreMmreot 185 

iUnrtrated, 185 
why some fh>th, 180 
specific gravity how fonnd, 89 
spheroidal state of, 840 
to what extent expanded by heat, 

888 
transmit pressure in aU directions, 

185 
when do they wet a surfitce, SO 
Loadstone, what is a, 416, 417 
Locks, canaL, bow operated, 137 
Locomotive, efficacy depends on what| 89 
Looking-glasses, how formed, 808 



Machine, what is a, 90 
Machines diminish force, 90 

do not produce power, 90 

how make additions to human 

power, 91 
how produce economy of time, 94 
motion in, takes place when, 98 
simple, 93 
Machinery, elements of, 93 

general advMitage o^ 97 
magnetic, 433 

when caught on a center, 118 
Magdeburg hemispheres, 177 
Magnet, rotation of a, 431 

when traverses, 419 
Magnets, artificial, 418 
horse-shoe, 480 
native, 417 

power of artificial, 4^8 
what are poles of, 418 
Magnetic induction, 481 
meridian, 425 
phenomena, how accounted for, 

483 
polarity, 419 

power of a body, where resides, 
421 
MagnettBm, 417 

animal, what is, 418 
electro, 429 ' 

how excited by electricity, 482 
how induced by the earth, ^8 
why not available for propel- 
Ibig force, 483 
Msgneto-electric machines, 438 
BtagnifVlng glasses, 824 
Magnitude, 12 

center of, 45 



MallnliOlty,wliatia.8« 

examples of; 86 

Man, how exerts his greatest strength, 88 
estimated strength of, 88 

Mariotte*s laws, what are, 188, 187 

Matter, cause of changes in, 81 
definition of, 11 
essential properties of, 18 
indestructible, 18 
not infinitely divisible, 18 
■maDest quantity visilde to the eye, 

Mateilals, stroigth ot^ 116 

npon what depend, 
115 
Matting, how proteets ot^ects from frost, 

872 
Mechanical poweri^ m 
Meniscus, 83!0 
Meridian, magnetic 4% 

of the earth defined, 88 
Metals, union of, how affects durability, 415 
Meteors, how difFer from shooting stars, 889 
Meteorites, what are, 288 
Meteoric bodies, supposed ori^^ of, 889 

phenomena, 288 
Meteorology, 266 
Microscope, compound, 861 
solar, 368 
what is a, 860 
Microscopes, varieties of; 361 
Milk, why cream rises upon, 147 
Mirage, 815 
Mirror, plane, how reflects tight, 303 

what is a, 302 
Mirrors, burning, 806 
concave, 306 
convex, 311 
parallel, eflfect of, 306 
varieUes of, 802 
Mississippi, does it flow up hill, 168 

quantity of water in, 158 
Mists and fogs, how occasioned, 278 
Moistnro in air, how determined, 869 
Molecule defined, 14 
Momentum, how calculated, 65 
what is, 64 
illustrations of, 64 
Monsoons, theory of, 883 
what are, 883 
Moon, influence of on weather, 891 
Motion, absolute and relative, 62 

accelerated and retarded, 63 
apparent, affected by distsnoe, 869 
circular, illustrations of, 78 
compound, 72 

illustrations, 78 
Imparted to a body not instsniane- 

ously, 65 
perpetual, in machinery, not possi- 
ble, 91 
perpetual, in nature, 91 

example of; 91 
reflected, what is, 71 
reversion of by belting, 101 
rotary. 111 
rectilinear. 111 
simple, illustrations of, 78 
uniform and variable, 63 
what is, 62 
when imperceptible to the eye, 859 
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Hortise, what is a, 118 

Mountains, height of, how determined hy 

the barometer, 173 
Movements, vibratory, nature of, 188 
Mud, why flies from wheel of carriage, TO 
Muscular energy, how excited, 87 
Music, scale in, 196 

notes in, how indicated, 196 
Musical sounds, 194 

N 

Natural Philosophy, definition of, 9 
Near-dgfatedness, cause of; S52 
Needle, magnetic, 423 

dipping, 425 

diurnal variation of, 428 

magnetic, directive power of, how 
explained, 4^6 

variations, cause of, 428 
Notes, musical, when in unison, 196 
in music, how indicated, 196 



Ocean, depth of, 123 

extent of, 123 
Octave in music, 195 
Oersted's discovery, 429 
Oils, how diminish friction, 113 
Opaque bodies, 294 
Optical instruments, 360 
Optics, medium in, 312 

science of, 292 



Paddles of a steamboat, when most efEect- 

ive, 164 
Paper, blotting, why absorbs ink, 147 
Parabola defined, 74 
Paradox, hydrostatic, 126 
Pendulum, center of oscillation of a, 69 

compensating, 60 

described, 36 

influence of length on vibration 
of, 69 

length of a, seconds, 61 

times of vibration of, 68 

compared, 68 

used as a standard for measure, 
61 
Perspectire, what is, 366 
Photometers, construction of, 298 
Physics, definition of. 10 
PUaster, what is a, 121 
PUe, in architecture, 120 

Zamboni's, explained, 404 
PUes, voltaic, 404 
Pipes, rapidity of water discharged from, 160 

water, requisite streogth oi; 134 
Pisa, leaning tower of, 49 
Pitch, or tone, 196 
Pkiuts, vital action of, 216 
Platform scales, 98 
PliabUity, what is, 26 
Plumb-line, 63 
Pneumatics, 163 
Polarity, magneUc, 419 



Poles, magneUc, where situated, 426 

of galvanic battery, what are, 409 
Pop-gun, operation of, 167 
Pores, defined, 14 

evidence of tbie existence of, 16 
Porosity defined, 14 
Porter, why froths, 180 
Portico, what is a, 121 
Power, agents of in nature, 87 

and resistance defined, 63 

and weight in machinery defined, 93 

expended in work, how ascertained, 

89 
mechanical efKect of^ how estimated, 

92 
moving, effect o^ how expressed, 89 
space and time, how exchanged for, 
92 
Press, hydrostatic, 127 
Prism defined, 318 
ProjectUe, what is, 74 
Projectiles, laws of, 74 

range of, 75 
Propellers, advantage over paddle-wheels, 
165 
construction of, 166 
Pugilists, blows of, when most severe, 69 
PuUey defined, 102 
kinds of, 102 
fixed, described, 102 
movable, 103 
Pulleys, advantage of, 104 
Pump, air, 177 

chain, 160 
common 8nction,181 

when invented, 160 
forcing, construction of, 188 
Vera's, 146 
Pyrometers, 233 



Quantity in electricity, what is, 408 



Radiation of heat proceeds from all bodies, 

223 
Rain, what is, 277 

why falls in drops, 277 
formation of, on what depends, 277 
• guage, 277 
yearly estimated quantity of, 279 
where most abundant, 278 
Rain-bow, whatls a, 333 
when seen, 336 
why semicircular, 335 
Ram, hydraulic, construction and operation 

of, 161, 162 
Range in gunnery, 75 

freatest, when attained, 75 
heat, what meant by, 224 
Reflection, angle of, 71 
Reflectors of heat, best, 225 
Refraction, index of, 316 
double, 340 

how accounted for, 817 
Refrigerators, constraotion of, 221 
Regulators of steam-engines, 266 
Repulsion, what is, 22 
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, and ftttrMtidB, ■Mgnette, 41f 
BeBos of the eye, 348 
Ueoefaet firing, 7T 
Bifie, Mini«, eoHtnietioii oC 77 

hov sighted, T8 
Btren, whj nrely Ktnughi, 86 
▼eloeitj of; 152 
water discharge ot, 193 
ScMda, incUnatioii of, hov estlinated, 106 

how should be made, 10ft 
Bods, discharging, 380 
Boom, how best Tentflated, 864 
Booms for speaking, how oonstmcted, 801 
• • ,artof,6S 



Safes, fire-proof, how conttnicted,881 
Sandstones, why iU adapted for architectural 

purposes, 123 
Saw-dust, utility of in preaerring lee, 880 
Scales, hay and platform described, 98 
Scarfing and interlocking 117 
Scissors, a Tsriety of lever, 94 
Screw, advantage gained by, 109 
appIicatlonH of^ 109 
defined, 108 
endless, 110 
Hunter's, 110 
nut of, 108 
of Archimedes, 150 
thread of; 109 
Serew-PropeUer, what is a, 155 
Sea, proximity to, mitigates cold, 268 
Shadow, what is a, 896 
Shadows, how increase and diminish, 89T 
Shell, sea, cause of the sound heard in, 199 
Ships, copper sheathing of, how protected, 
416 
iron, why float, 14D 
Shooting-stars, how accounted for, 890 
Short-sightedness, cause of, 353 
Shot, how manufactured, SO 
Silver, adulteration of, how detected, 43 
Simmering, what is, 841 
Skull, human, combines the principle of the 

arch, 130 
Smoke, why rises in the air, 43 

why ascends in chimney, 861 
rings, oiigin of, 187 
Sneezing, what is, 306 
Snow crystals, 280 

flaJie, composition oi; 880 
how formed, 280 
line of perpetual, 248 
protective influence of against oold,2a0 
what is, 280 
Soft, when is a body, 26 
Solar microscope, 368 
Bolld, what is a, 23 
Solids, why easily lifted in water, 139 

specific gravity, how determined, 39 
Solution, what is a, 237 

how differs from a mixture, 83T 
when saturated, 237 
Sound, conductors of, 192 

how decreases in intensity, 198 
how propagated, 190 
interference of waves of, 194 
loudness of, on what depends, 194 



Sooad, refleetlon ol^ 19T 
velocity oi; 198 
what is, 188 
when oommanleated most readOy, 

191 
when fnandible, 196 
Soonda, musi(»l, 194 

not heard alike by all, 803 
seem louder by idght than by day, 
191 
Spark, electric, 388 
Speaking, rooms suitable for, 801 
Specific gravity, 37 

how discovered, 44 
how found, 88 
standard for estimating, 88 
practical appUcationa of, 44 
Spectacles, what are, 360 
Spectrum, solar, 336 
Springs, intermitting, 185 

origin of, 136 
Spy-glass, what is, 364 
Stability of bodies, depends on what, 48 
Stairs are inclined pbmea, 107 
Stars, shooting, 389 

height of; 889 
Steel, how tempered, 37 

how magnetized, 421 
Steel-yard described, 97 
Steam, advantages of heating by, 966 
elastic force of, 848 
superheated, 250 
high pressure, 350 
formed at all temperaturei, 889 
guage, 259 

how rendered useftil, 868 
pressure of, how indicated, 860 
true, invisible, 338 
when used expansively, 255 
Steam-boilers, cause of explosion of, 2S8 
whistle, 360 
engine, irbat is, 361 

oondenang, 853 
construction oi^ 853 
high pressure, 354 
regulators of, 355 
greatest amount of work per- 
formed by, 361 
Stethoscope, construction of, 198 
Still, construction of, 243 
Structure, influence of the parts on the 

strength of a, 117 
Stone nr architectural porposes, how se- 
lected, 122 
Stool, insulating, 380 
Stove, why snaps when heated, 830 
Stoves, how differ from open fire-place, 963 
disadvantages of, 364 
why placed near the floor, 961 
Sublimation, what is, 243 
Sucker, the common, 175 
Suction, what is, 169 
Sugar, how refined, 348 

how absorbs water, 145 
Sun does not really rise and set, 84 
heat of, why greatest* at noon, 810 
the greatest natural source of heat, 960 
nature of the surface of, 810 
Surface defined, 13 

spherical, definition of a, 133 
Syphon, what is a, 184 
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Syphon, acUoQ ef, 134 
Syringe, prine^le of, 176 



Tackle and fall, what is a, 105 
Telegraph, atmoepheric, ISl 
Bain's, 436 
chemical, 486 
House* t, 486 
Morae's magnetic, 434 
printing, 436 
Telegraphic method, the first proposed, 436 

- wires, insuLition of, iSQ 
Telescope, equatorial, 863 
refleethig, 866 
refracting, 863 
what is a, 363 
Temperature, arerage, how found, 26T 

greatest natural cTer obserr- 

ed, 210 
in winter and summer, difier- 

enoe between, 210 
meaning of, 206 
▼aries with latitude, 26T 
Tenacity, what is, 26 
Theory, physical, definition of a, 10 
Thermometer, 233 

how graduated, 234 
eentigrade, 285 
mercurial, described, 234 
Kcaumur, described, 285 
Thermometer-air, described, 236 
Thermo-electricity, what is, 416 
Thunder, cause of, 398 

storms, where mostpreran, 394 
Tides, origin of, 32 

Toes, advantage of turning out fn walk- 
ing, 60 
Tone in sound, 196 
Tongneing, what is, IIT 
Tornadoes, how produced, 287 

what are, 287 
Torpedo, electrical effects of, 891 
Torricelli's invention, 169, IZO 
Trade winds, cause of, 283 

direction of, £88 
Transparent bodies, 294 
Troy weight, 34 
Trumpet, ear, what is an, 260 

speaking, construction of, 199 
Tubes, capillary, height to which water 

rises in, 14) 
Twili^t, 314 
Twinkling, what is, 333 
Tjrmpannm of the ear, 203 



Vacuum, what is a, 168 
Valve, definition of, 183 

safety, 258 
Variation, Unes of, 426 
Vapor, always present in air, 239 

appearance of, 238 
Vapora, elasticity of, 248 

formed at all temperatures, 838 
Vault, what is a, 120 
Velocity defined, 68 



Velocity of moving body, how detcnnliied, 

63 
Vena oontracta, what fs the, 160 
VentiUtion, what is, 260 

when perfect, 260 
Vessels of liquid, pressure upoo the bot- 
tom of, 131 
Vibrations of sound, nature of, 188, 169 
l^ws, dissolving, 368 
Vision, angle of, 364 

deceptions of, 867 
double, how produced, 354 
phenomena of, 347 
Vital action, 214 
Voice, compass of, 200 

how produced, 2<^ 
oi^ns of, 201 
Voltaic piles, 404 
Volume defined, 12 



Walls, how deafened, 192 
Warming and ventilation, 260 
Warp and woof, 117 
Watch, how differs from a clock, 60 
Water as a motive power, 166 
boUed, why flat, 180 
hoiUng, temperature of, 241 
composition of, 123 
compressibility of, 124 
decomposition of, 412 
ehksticity of, 124 
expands in freezing, 231 
force of expansion of in freezii^, 833 
freezing temperature of, 282 
greatest capacity of all bodies for 

beat, 248 
how high rises in a punip, 182 
how made hot, 221 
illustrations of the pressure of, 180 
imparts no additional heat after boil- 
ing, 244 
inclination suflLcIent to give motion 

to, 162 
level, 136 
power defined, 88 
pressure at different depths, 131 

how calculated, 132 
eonnd of falling, how produced, 404 
spouts, what are, 287 
supply of towns, 184 
to what degree can be heated, 849 
velocity of in pipes, how retarded, 161 
when has its greatest density, 831 
why rises by suction, 109 
why rises in a pump, 188 
Waters, comparative purity of, 183 
Wave, a form, not a thing, 163 
Waves, height of, 163 

optical delusions of, 163 
origin of, 153 
of sound, 190 
Weather, popular opinions concerning, 891 
Wedge, what is a, 106 

when used in the arts, 107 
how the power of increases, 107 
Weight, absolute, what is, 88 

how determined by spe- 
cific gravity, 42 
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of a body, when gnatert, 33 
Wei|^ and measores, standardfi of, 34 
Frenrth systam lA, described, 3S 
United Stetea atondard of, 86 
Welding deacribed, 99 
WeU-aveep, old fashioned, 153 
WeUi, Arterian, oonstniction of, 135 

origin of water in, 136 
Wet dothos, why iiUarions, 24S ' 
Wheel and axle, action, of 99 
■pianiag, 101 

toarUne, adrantages of, 158 
woric, compound, familiar fllastra- 
tions of, 101 
Wheels, breast, constrnetion of, 187 
eog, 101 
overshot, 157 
tourblne, 153 
undershot, IM 
paddle, power lost by, 154 
Whiriwlnds, how prodseed, Mt 
WhlsOe, Btean, W 



Winch, what is a, W 

Wind, principal eanse of, tSL 

what U, 281 
Wind-pipe, what is the, 903 
Windlass described, 100 
Winds, force of, how calculated, 282 
of United SUtes, 985 
trade, 983 

▼ariable, where prevail, 284 
Telodty of; 981 
Wood, a bad conductor of heat, 218 

comparative value of for fuel, 26d 
hard, why difficult to ignite, 266 
made wet, why swells, 148 
snapping of, 19 
water in, 265 
weight of, 206 
Wooda, when hard and when soft, 265 
Wo )lena, why used for clothing, 219 
Woof of doth, 117 

Work of different forces, standard of com- 
paring, 88 
Working-point in machinery, 92 
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